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2344606 

WEIXBORE CASING 

Cro08 ReCennoe Ta Bdsted i^iplieations 

This flVPUeatiim dai&u the be^ Pn^yj^o^l 
Patent Applicatum Serial Number eOflll^, attorney docket ximnher 25791.3, 
ffled on 12/7A998> the diadowire of irtrich Ib incorporated herein by reference. 
Badigronpd of the Invcatfaai 

TSiiB mvsitum relaiefl general^ to weD^ 
weDbora caainga that mr& ^mrmmA timg mwjmyyAmM^ ♦TyMngL 

Cbn^sniional^, vAiea a wOSbm ia aeatad, a namber of are 
5 inataUediniliebcflndudetoprefai^ 
mderfiad oatflow of dtOIiaK fli^ 

fbnnatioii into the borehole. The borehole is drfllad in intei^irfierefa^ 
irinehiatobeinstaDedinalomrboraholeiDtei^ 

installed cadng of an iqjpor borehole intervaL As a ocmaequence of this procedure 
10 the casipg of the lower interval is of smaPar djametor than tha wuring ^f thftiqipflr 
interval Thus, the casmgs are in a nested airangeiDeat with casing diameters 
decreasing in downward directian. Cmn mi t snnuli are provided between the outer 
surfaces ofthecaaingB and the borehde wan to seal the casings 
walL As a oonaequoioe of ibis nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves in r r e a s cd coats due to he«y wming hanf^in tg f^ipmept, Iflrgo 
drill bits and increased vohunes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement punqnng, cement 
bardenbig; required equipment dianges due to large variations in h^ 
20 drilled in the course of the well, and tl» large volume of cuttings drilled and 
removed. 

The present invention ia directed to overomning one or more of the 

limitations of the eiisting procedures for Ibrming new sed 
wdlbore. 

25 Stxnunaxy of the Invention 

According to one aapectrfthe present invention, a meth^ 
wemwrecasiig is provided that inrhidewinBtBffinga tubular 



inthelK)rchoie,ii4ectingflmdfcmat^^ 

th^ l i"*!^ *^ bfltiehnle hy ertmding the lipflr off of fllB mandrel 

Aooonling to aiiather aspect of the in^soit mv^^ 
a weUbore casiiig is provided that inchides drilling oat a new section of the 
5 bordiotea4jaoenttothea]readye&8tingcasi^ 
then traced into Uie new section of the bordiote with the tubular li^ 

an abea^fOisting casing. A ^<»»*ift«nMA flwiiiig wealing mflterial ia ii^jeeted into 
an fltiTiniiir rv^prm hpftmm thfe tnhiilflr Hner and the new Section of the borehole. 
Th^ ft^^i^^"* rf^ff^ huftawBiin the tithnlar Kner and the new section the horehoie 
10 iff % hm flwMlr^y ianlfttei fapm an interior rcpim of the tubolar Kner below the 
mandzeL A noo hardfloahb ihiidic materiel is then iitfecM 
region of the tabular linvbebw the nandrd. The tubular Kner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
fnnriTig is sealed. The tubular liner is supported by overlap vrith the already 
15 existing casing. Ihe mandrel is removed firom the borehole. The integrity of the 
seal of the overi^) between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhudic sealing 
material is removed firom the interior of the tubular Uner. The remaining portions 
ofthefluidic hardenable fluidicsealingmaterial are cured. At least a portion of 
20 cured ihiidic hardenable aealing material within die tidi^ 

According to another aapect of the present in?ention, an iQipaxatoa fi>r 
«Twi«iifag a tubular member is fmnvided that indudes a support member, a 
mandrel,atubularmember»andasboe. Thesiqnportmemberhicbideaafirstfluid 
passage. The mandrel is ooiq>led to ttie support member and inchides a second 
25 msdpflgffftg* ThfttMbiilarmMnbsf iseotgdedtothftniandTeL The shoe iscoupled 
totbetubularlinerandinchidesathirdfluidpassage. Hie first, aeccmd and third 
flnid passages are operab]y coui^ed. 

According to iir«*HgF aspect of the present invention^ an ^iparatoa fw 
» ^tM«fig a tabular member is provided that indudes a aiqpport member, an 
30 expandablft mandrd,atpbular member, a to, and at least one sealing 
The stq^ort member indudes a first fhiid passage, a sec(^ 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is ccwapled to the siOTOrtmei^ 'Hie 
tuiaular member is ootqded to maodzcl and indodes one or more 
plffnwnte . The shoe is conpled to the tuhnkr mmnhgr Ami i«f hi ^ f^^rqi flmd 
passage. The at leasfe one sealing niember is adapted to prevent the 
5 foreign matorial into an interior ngfam of file tobt^ 

According to another aapect of the praaent indention, a mathnd ar jmw^^^g 
a second tnbular member to a first tobaler member, the first tubular member 
having an inner diameter greater than an outer diameter of the aaenn^ 
member, is pnmded that incfaidespositimiizvamandnl vrf^^ 
10 of the second tabular member. A porlian of an mtertorngioii of the aecond 
tubular member is ppBsmnixod and the aecond tubular member to 
the mandrel into engagement with the first tubular member. 

According to another aapect of the present invention, a tubular liner is 
provided that indudea an annular member having one or more aegliri g momKoi pB 

16 at an end portion of the a TiTmto n»nib»,and one or more preasuiBrd^ 
at anend portbn of the annular member. 

According to aiiother aqpect of the present invention, a vveDbore 
provided that includes a tubular liner and an annular body of a cured fhiidic 
sealing material m tabular liner to formed I7 the proceas of extruding the 
20 tubular finer off of a mandrel 

According to another aqieet of the present invention, a tto^iadc Ih^ 
lining an ensttngweDborecaabvtopnmded that im 

annutor bo^ of cured fhridir spaling mstfrial The tubular liner to formed by the 
pn)ce8Sof extruding the tubular liner off of a mandrd. He annular bo4y of a 

25 cured fiuidlcsealtog material to coiqpled to the tubular liner. 

According to another aspect of the present faivention, an apparatua for 
expending a tubular member to provided that incfaidsa a aopport member, a 
mandrel, a tubular member and a shoe. The support member inchides a firat fluid 
passage. The mandrel to coupled to the support member. Themandr«Iinchides 

30 a second fluid passage operahty coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion ofthe mandrel to driUaWe. 
Thetubularmembertocoiqdedtotfaemandrel The shoe to coupled to the tubular 
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member. The shoe ?Tif>iiiHf»iK a third fluid passage operably coupled to the second 
fluid passagei an interior portioiiyfliul an extecto The interior portion of 

ihftBhoeisdxillable. 
Brief Descriptioii of the Drawings 
5 FIG. lisafiragmentaiy cross-aedionaltdewilhiBtratingihedril^^ 

section of a wen borehcde. 

FWt ? 1ft 1* f^« Bf"«wifiHy rwftMi.wBetionfll viflwffliifltndingtheplflfiimiwit of an 
embodiment of an apparatos for creating a casing within ttiB new section of the 
wdlborebok. 

10 no 9 if fi f^tr^^ wFMMiK^tifmal yjgw ahisiaMifaif the injeetiiin of a 

first quantity of a bardenaUe fhiidic sealing material into the ne^ 
wdl borehole. 

nG.Saisanotiierflragmentaxyaoss-sectional viewilhi^^ 
t>f n firff* T "^T^H* y pf a h fl^"«»^ ^ flnMie iieftliiig mstflrisl into the new section of 
15 thewdlbordiole. 

FIG. 4 is a ftagmentaxy crcras-sectional view ilhistratingthe injection of a 
second quantily of a hardenable Suidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross poctionnl view ilhistratingthe drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new aecti^ 
theweObordu>la 

FIG. 6 ia a cross-aectional view of an embodiment of the overlapping jdnt 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus fiir creating a caaing within a weUbocelioIe. 

FIG. 8 ia a fragmentary eioss-sectional iOustration of the placement of an 

expended tubular member within another tubular inembe^ 

FIG. 9 ia a cross-sectianal iHnstxation of a prefer re d emhndiment of an 
iqiparatus fcNT fornung a caatng including a drillable iDtt 
30 FIG. 9a is another cross-sectional iUustrationofthe apparatus of FIG. 9. 

FIG. 9b ia another cioss-aectional illustration of the i^qiaratua of FIG. 9 . 

FIG. 9c ia another cross*sectional iUustration of the iipparatoa of FIG. 9. 
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FIG. 10a is a cPCWMectiaiml fflmtaMtiim at a wellhmi jni^htAjw.^ ^ pf 
a^jaoaiit overlappini^ casingBL 

FIG. l(n)isaaofls-6eciioiudiIbu^^ 
creating a tie-back liner umig an ezpax^ible ^V ^i pr member. 
5 FIG. 10c is a crann nprHcmiil flluat fl iun of the ponqpiBg of a fluidic sealing 
material into the aimular region betwm 
casing. 

Fig lOd is a crosa-seetiimal HhMtrgiioii nf€^ j^mm^rme fff tho interior 
of the tabular niember beiow the mandrd, 
10 FIG. lOeiaacnsea-aectionalilhistratioaartheeilnsi^ 
member off of the mandzeL 

FIG. lOfisacroffH anrHnnal miiHiiannhrfthetiojwcklinflrbafiimiiwi^ 
out the shoe and pa^er. 

FIG. lOg is a croBs^sectional iUnstration of the conq)l0t8d tie>back liner 
15 created using an eapandible tubular member. 

FIG. 1 la is a fragmentaiy croea-eecBaDal visfir ilhifitrtttmg tht^ riwni^g ^ ^ 
new section of a well borehole. 

FIG.llbisafragmentaryqosn nnptinnnlviewilhigfcratingthftpiiM^TOtrf 
an embodiment rfan a^yfti-MtMa far hm^^ m tiAn iar Ktifl«>iYi iiifn flection 
20 ofthewril borehole. 

FlOaieis afragmantaxy csoeaMtional viewilhistrating^ 
afirst quantify of ahazdend>teftaiAcaealiQgmateRalint^ 
well borehole. 

FIG, lid isafrag ment aTy cr rM fifin rt i miBl wwflhistrBtingthe introduction 
25 ofawiperdartintotiienewseelicmoriliewellbonhQ^ 

FIG, lie is a ftagmenta^ rmm aart toual yhn fflnstrating the ii<>ect»0P of 
a segynd quantity Ufa haidmiflhtofhiliHrBfaTingmatcriali^ 
the well bordude. 

FIG. llfisaf taigment a iy acosa-sectionalvigwflhM^ 
30 ofthe tubular liner. 
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DetaUed Descrq^tioii of the U lu a ir m live l&mbodiiiieats 
An npptudtas and method for fonDizig a wellbore casing within a 
sobtenranean formation is provided Tbe apparatus and method pennita a 
wdlbore casing to be formed in a aobterranean fbrmation by placing a tubular 
5 mffmb^ and a mandrel in a new section of a wellbore, and then extruding the 
txdmlar meoiber off of the mandrel by pressurising an interior portion of the 
tubular member. The qiparatna and method fbrtfaer pennita ailpoent tnbi^^ 
members in the weDbore tobe joined usuiganoverlapinngj^^ 
and or gas passage. The apparatus and method flirther pennita a new tubular 
10 member to be stmported by an eadsttng tabular member by wrpmding the new 
tubular member into engagement with the ensting tubular member. The 
i^pperatus and method ftirther Tnin4tw<«>a ^ reducti<m in the hole size of the 
wallborB caong necessitated Iqr the addition of new seel^^ 

An appmba and method for forming a tie-back Bnemring an fripiifidflbte 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liTiiw tAtM» created by grtmdiny e tubnlar member off of a mandrel bv pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weUbore to be joined using an overispping joint that prevm^tsfhiU 
20 gas passage. The apparatus and method ftgth<»r pe™itg n«w tnhnlar mamber 
to be supported by an g*i«Htig tubular member by rtpanding the new tabula r 
mraober into engagement with the existing tubular member. 

An apparatus and method for eqpaxiding a tubular member is also provid 
that inchides an ezpandable tubular member^mandrd and a shoe. Inapreferred 
26 embodiment, the interior portions of the apparatus is composed of materiala that 
pormlt the interior portions to be remo^Qsliiga oonrontioiial d 
Tt^ thig mm wfft in thft ffy^ni 9^ wna WttiHami in m girwrnhftlft Tftgimij the apparatus 
may be eaaly removed. 

An apparatus and method for ^gwgmg an expandable tubular liner in a 
30 wellboxe is also provided. Tlieflqpparatas and method pennita ti^^ 

attached to an existing section of casing. The apparatus and method further have 
application to the jmning of tubular members in genersL 



BeferringinltiaHyto FjgB. 1-6. an embodiment of an ^ipafntiifl »nti tnafiwwi 
fiir inning a velDxire easing wiUnn a aubtenaoean fimnatkm wfll now be 
deaoibed. ABaiiifita»todi&F|g.l.awB]Ibonl00i8po8itioiiedina8abt^^ 
formalvmlOS. TheiieDboro 100 iiiclude«aB iBiftthigffiHPrt aeetion 110 having a 
6 tobolareaaiQgllSaiida&aiiinilaroaterlaiTeroreaniaitiao. 

In order to extend tbe wtDbore 100 into fbaiobterraaean fonnation 105, 
a drill string 126 is uaed in a well known manner to drOl oat material bam the 
subAerranean fiinnation 105 to finm a aeir ■edfam 180. 

Aa ilhistrBted in Fig. 2, an appaEBtiia aoo ibr fonniog a wdlbo^ 
10 ambtenanaattlarmatkmiBthanpoiitionedinaienevwctionm 
100. 11ieiq)paKBiits200iireferabiyindadeaattee9indabfen 
tuboler mamber 210, a shoe 216, a bmer et9 seal 220, an t^iper cop aeal 226. ^ 

fhiid passage 230,afhiidi»s8age2S5.afbiidpa88BgB240.8ea]8245.andaBiii^ 

sianber260. 

15 nieeqiandabte mandrel 205 is coiQiled to and Biqiported by tile nq>port 
nieniber260. The eapandable mandrel 206 is prefisrabiy adapted to controllab^y 
eipand in a ladial direction. Ite expandable mandrel 205 may comprise any 
nlnnbe^ofconwntiopalc^mllBmaM%^w»fl«K^A ^Bq>^t^.^«^^ 
aecordanoe with the teaddnga of the present diadoeure. In a preferred 

20 amhodimfiit .tba wTWTidHWB mandr el aOSeampr^ finql 

diadoaed in U5. Patent No. 6^096, the oontenti of which are incoiponited 

herein I7 reference, modified to amndanee with the teachings of the pieaent 
diaeloBaie. 

Tlie tubular nieniber210iB iiiip |iiigt rf l»ytii« <«pan.ip|il, ^ini,^^ ^ 

26 tabular member 210 is eipanded in the ladial direction and ectnided off of the 
wpandable mandrel 205. The tabofao- member 210 be fkbricated&om any 
mimber of conventional commercially available matariala such as, for example. 
Oilfield Coontiy T^ibnlar Goods <OCTQ). 18 dnomtam atori tahine^ring „ 
plastic tubingfcasing. In a prdeixed embodiment, the tubular member 210 is 

80 febricatedfiromOCTOtoordertomaaimisestrengthaflerexpanaion. 

and outer diameters of the tubular member 210 may range, for example, from 
approiimately0.75to47inchesandL06to48incbe8,rBiiiecti»B^y. Inapreferted 



embodiment^ the nmer and outer diamaten of the tubularmember 210 rani^e from 
about 3 to 15 JS inches and BJ5 to 16 inches^ le^ectivefy in order to optimal]^ 
provide minimal tdesooping effect in the most oommontir drilled weDbore mzea. 
The tabular member 210 preferahljr ccmipriees a solid memher. 
5 Tf^ A prrf gr y w il ^T"^""^^ ^hft grid pnartjoti gfiO of thft tnlmlflr memher g1 Q 

is 8k>tted, perforated, or otherwise modified to catch or dow down th^ 
when it completes the extrusion of tubular member 210* In a in&rxed 
embodiment, the loogth of the tnWtii^ member 210 is to w^t^farSf^ the 

poasiUlify of budding. For typical tubular member 210 materials, the lengih of 
10 the tubular member 210 is preferabltpBaiited to betwe^ 
InlengUL 

The shoe 215 is coupled to Oxe expendable mandrd 205 and the tubular 
member 210. The shoe 215 indndes fluid passage 240. Hie shoe 216 may 
comprise angr number of conventional commerdaQy available shoes sudi as, for 

16 exampIe,SuperSeainfloat8hoe,SuperSeainDown^etfloatdM>eoragui^ 
with a sealing sleeve for a latdi down plug modified in accordance with the 
»iM>r>>mgR of the present disdosure. In a preferred embodiment, the shoe 216 
comprises an ahmiinum down-jet guide shoe with a sealing sleeve for a latch<bwn 
phig available from Halliburton Energy Sorvices in Dallas, TX, modififri in 

20 wyr^anfT V^ t^*** *^ '"^^^"e* nf th« prMmt diadognrB, m order to optimally guide 
the tubular member 210 in the wellbore, qptimaPy provide an adequate seal 
between the interior and esterior diameters of the overlapping 
tubular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expandon qperations. 

25 lnaprefcrgedembodiment,the shoe 215 indndes one or more throui^ and 
side outlet ports in fluidic rmnmiininition with the fluid passage 240, In this 
manner,thedioe 216 optimally ipjectshardendJeihiWfcsealingm 
region outsidethedioe216 and tubularmember210. In a pietoied embodimwit , 
the shoe 215 indudes the fluid passage 240 having an inkt geometry that can 

30 receiveadartaod/oraballBeaHngmember. hi this manner, the fluid psssage 240 
can be optkoalfy sealed ofngrintrodudngaplng, dart and/or baU 
into the fluid passage 280. 
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Ttelowtff cop 8681220 Is coupled to and supported by the support membCT 
250. Tlie tower omattl 220 prBBenfafnrwign TwntiwnnU^Tmmtcring Ac interior 
npaa of the tdiular member 210 adjacent to the egmiidahip ma^i^ rpi 205. "Hie 
tower cop seal 220 B17 eompnn ar^ number of conventional conunerdany 
6 airailabtocnp seals aiii*aa,te«aniple, TP cops, or Sdoctivel^^ 
(Sgjffi p s i nodififdin iirrnrifsnre wtthtlieteMain^ 
apBgfeared embodiBient, the tower cup sBal220coamriaBsnaiP cap 
fr om Hallfh nrt on Rn e n ar Sendees in Dsna% TX.in mriarte «y «wi»i]|y MnA fm^gn 
material and contain a boc^ of lubricant. 

10 The npper cup seal 225 is coopisd to and snppartedl^ the nqjport member 
250. Theiq»perwipseel 2 2SpwiientBfi»rw< g n wiiterialgftom entering the interior 
region of the tabular member 210. The tqiper cop seal 226 m«y conqiriae ai^ 
number of conventtonal conunerdaDy avaHabto ciq) seals sodi as, ibr example, TP 

eapa or SIP cups modified in accordance yriOx the of present 

16 diadoeure. In a preferred embodiment, the upper ciq> seal 225 oompriaes a SIP 
ciQi^availabteftomEaimwrtonEnergySetvioes in Dallas, TKinoKder to 
btock the entry of foreign materials and contain a body of hihricant. 

The nuid passage 230 permits fhiidie materials to be transported to and 
from the interim regiontfthetuh iilaTTii»imW 2lQhel<» Ami <^ 
20 205. The fhnd passage 230 is coupled to and poeitioned ifithin the support 
member 250 and the eipmds b te mandrd 206. Hie flnid passage 2S0 preferably 
extend fhmi a posWon adjacent to the suzfkce to the bc^tsm of the e^Mndable 
m8ndrel205. 'niefhddpa8s«gB230ispre&rabfypoBittonedalongaeenterlineof 
the apparatus 200. 

25 11>efhi2dpes8age230i8preferab|y8eladsd.hitb8easingrunningmodeof 

operation, to transport materials sodi as drilling mnd or fbnnationfhiids at flow 

rates and pcessores ranging from about 0 to 9.000 gaOonstefamta and 0 to 0,000 

pai in Older to minimize drag on the tobolar member beingnm and to nnnimize 

sorge pressures erorted on the wdlbcroidiidicooIdcauseBloBB of wdlboiefhiM^ 
30 andleadtohdeodlapse. 

Theflttidpes8age2S5pennit8flnidfcmatecial8toberetoasedfromaefiuid 
pas8age230. In this manner, duriagplacementoftheiOTaratus 200 withfai the 



new section 130 of the wellbove 100, flnidie miitfriala 256 forced vtp the fluid 
passage 230 can be released into tbe wellbore 100 above the tolm^ 

ihafp^ Ynmmmjt^mrr Yt^ p ru«xi\rfisim tfift wnWwftrtiftn 1M ThefllUdpaSSage 

235 is coupled to and positioned within the support member 250. The fluid 
5 passage is fiutikerfliiidk^co«qiled to the flu^ 

Hie fluid passage 235 preferabltF mchules a oontnd vahe for oontroUab^ 
opeediig and cbsmg the floid passage 236. In a preferred mbodinirati the control 
valve is pressurB activated in order to contndlably minimto mir ge p reasuresL The 
fluidpassage 235 ispreferaUy positioned Bubstantialfyarthogc^ 

10 oftbe8!ipaiatu8 200. 

Tlie fluid paange 235 18 preferaWy adeeted to omvey fluidte 
flow TStea and pressures ranging from about 0 to 8,000 gsdlon^aiinute and 0 to 
9,000 pel in Older to reduce the dragon the apparatus 200 daring insertion into 
the new section ISO of the wellbore 100 aiid to minimise surge pcessnres on the 

16 new wellbore section 130. 

Tbe fluid passage 240 permits fluidic materials to be tran^rted to and 
from the r^on exterior to the tabular member 210 and shoe 216. The fluid 
passage 240 is coYq>led to and positioned within the shoe 215 in fluidic 
communication with the interior r^on of Uie tubular member 210 below the 

20 expandable mAmirel 2^. The fluid passage 240 peferab^ has a cross-sectional 
abape that permits aplug, or other amilar device, to 

to thereby blodcfbrther passage of fluiffic materials. In this manner, the interior 
region of the tubular member 210 bebw the expandable mandrel 205 can be 
flaidid7i8o]atedftomtheregionerteriortothetubularm»iber210. Tbispermits 

26 the interior region ofthe tubular member 210 bdow the expandable roa^ 

to be preaaorixed. The flnid passage 240 is preferab^ portioned snbstantiallsr 
along the oenterime rfthe apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement^ drilUng nmd or epoxies at flow rates and pressures ranging from 

30 to 3,000 gallonaAnbrate and 0 to 9,000 psi in order to optimaUy fill the annular 
region between the tubular member 210 and the new section 130 of the well^^ 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an nJet gewnetiy tliatctt recahe « dart and^ 

In this inamier, the ihiid passage 240 can ba sealed aCf by intn^^ 

and/or ball geaBiig dements into the ihdd passage 230. 

The seab 245 are ooi^Ied to aod 8i9poited by an end portion 260 of the 
5 ti]biUarmember210.Theaeab846arafbitherpo8itianedonanouterBDiim 
of the end portion 260 of the tabular menber 210. Olie seals 24S pennit the 
orrori^jpingjoint between the end portion 270 ofthe casing 116 and the por^ 
260orthetabu]armember210tobdfhiidie(]raea]ed. Tbeseds 245 mi^ comprise 
any nnmber of aarventional oommerdaPjr available aeals sodi aa, for emnple, 
10 lead, nibber. Teflon, crepoiyw^lBiBndtllad in acewdmeeif^ 

the present diackwure. Inaprafemd embodiment, the Mala 245 are molded fixsn 
Stratalockepoy available fhmiHtflibQrtooEnM gy O eivi i ^ 

to optimal^ provide a load bearing intexferoiee fit between Che end 260 of the 
tubolar member 210 and fiie end 270 of the enstiAg casing 115. 

16 In* preferred embodiment, the aeela 246 are adected to optimally pi^^ 

a sulEdentfHctional force to support the expanded tadwhff member 210ft^ 
existing caanig 115. In a preferred embodiment, the flrictional force optimally 
provided by the seals 245 ranges firom about 1,000 to 1,000,000 Ibf in order to 
optimally atqaport the mpwnded tubolar member 210. 

20 'n»sai>P<rtmeBber250iBa)apIedtotbeeaq»ndahIemandid205,tub^ 
number 210, shoe 215, and aods 220 and 22& TbB mipport member 250 
prrfiBrably (Manpriaes an annular number having sufBdcnt strength to carry th^ 
appar«tua200intotfaenew8eetion ISOoftheweDboie 100. Inaprefibrred 
•anbodiment, the support member 250 farther Indades one or more conventional 

25 oeiiferBlizers6>otilfaiBtrated}tohd^8tabIli88the^varatas200. 

a pnfisrred eodMdbBent, a quantity of bibiicant 276 is provided in the 
annular region above the espandaUe mandrel 205 within the faiterior of the 
tabu]armembar210. baismanner,tbe«dnidonertlietabolarmember210aff 
oftheexpandablemandrel206isfcdlitatBd. Ibebifarient 276 mqy comprise aiv 

30 number of conventiondconmaerdalty available hd>ricmit8sodia^r« 

Lnbriplate,ehlarinebasedhibricant8,oflbaaedhibriMaitBorahnaxl600A^^ 
(3100). In a preferred embodiment, the hihricant 276 eompriaea Climax 1500 
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Antisiece (3100) available torn CUxnax Lubricants anHEqaipment Co. in Houston, 
TX in order to optimally pnmde optimum lubrication to &dliate the expansion 
process. 

In a prefiBRtd eoibodiment, the support member 2ra is ttunrou^y d 
5 pricnr to assembly to the zemainiDgpoitionB of die apparatus 

the introduction of fbieign material into the apparatus 200 is Tnininiiged. This 

valves of the apparatus 200. 

In m ffy ff rfii mfiWwjtwMmt ^ Mnrm nr mfter pogitiflning thfl appsrstns 200 
10 within the new sectkm 130 of the welDxm 100, a couple of wdlborevo 

chcolated in osder to iensuia thai no finaign matariala m located iiitfain the 
weDbove 100 that mi^ clog up the various flow passages and valves of the 

iqiXmratMMOandtftmimryt^fftTT^^a^^g"™ 
process. 

15 As illustrated in Fig. S, the fluid passsge 235 is then closed and a b iird mahle 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230« The material 306 then passes firom the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the eaqsandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. Immaterial 305 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wdlbore 100. Continued pumping of the material 305 
causes the material 305 to fiU up at least a portion of tiia annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

26 pressoies and flow rates ranging, for esaii4ile,firmndbo^ 

1,500 gidlcmQAnin,req)ectiveLy. The optinmm flow rate and operating pressures 
vary as a flmction of the casing and wallbore sizes, wdlbore section length, 
available punynng equipment, and fluid prc^i^rties of the fluidic matwrial being 
pumped. The optimum flow rate and qiwrating pressure arapreferabfy 
30 using conventional en^nrical methods, 

Ihe haidenable fluidic sealing material 305 may comprise any uumber of 
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for eumple, slag mix, cement or eposy. In a preferred embodiment, the 
hard i fnahte flnidic aealipg material 805 awpriaeg a Maided cement piqaared 
epedficaljy the partfcular wbB eection be^ 
ServioeainOallaq^TZin order to pravida optima 
6 w hite ain o Tnafirtaintnr optmmm flow gharacterifitiga m mnt^ in^nirni^ ''iffiffoltici: 
duringthe difgilacemim t of cement in tha The i^tinnim blend 

of the blended ccraeot la pnHsnaOj detemined uring OMTfentional i^mpfrifnl 
tnethoda, 

The amnilar region S16 prebrabt^ is filled with the material 805 in 
10 su ffi ci ent qoanatka to enaoietbat»qpan radial e^pa^^ 
210»tha annular z^pm 815 ortheaewaectioalSOQr^ 
with material SOS. 

In a perticularjy preferred embodiment, as iDustrated in Fig. 3a, the wall 
thickneas and/or the outer diameter of the tubular member 210 is roA 
15 regian adjacent to the mandrd 205 fai ordar optimaHy pam«^ pifi^HpnuCTit of the 
appaiatU8200hipoaitionaintheweHborewiihtightde^^ 5^1^^^,^^ 
thia manner, the initiation of the radial eipansion of the tabular member 2 10 
during the CKtnaion process Is opthnaDy ladlitatei 

As llhtstrated in Fig. 4. once tiie ammlar region 316 has been adequately 

ao iiQedwithmaterial80Q.aphig405,orothflrsla^ 

fluid passage 240 thereby fluidk^y iaobtzng the interior region 310 from the 
aamilarre^316. toapreferredrnnhndhnimLanm^harf^ 
306 ia then pumped Into the mterior region 310 cansiiw the interior re^ 
pressurise. In flds manner, the interior oftheeovended tubular member 210 wiU 

25 notcantainswnifieantamountsofcnredmaterislSOS. nibieducesandainqilifieB 
the coat of the entire prooeas. Altecnativii^y, the material 305 moy be used during 
thia phase of the process. 

Outt the Ulterior region 310 becomes suiEdent^ pressurised, the tub^ 
member 210isextrudedofroftiieezpandablemandrel205. During the eztansioii 
30 process, thecqiandablemandrd205mayberaisodoutof 

the tubular member 210. In a preferred fimhndfincnt, during the extrusion 
process the mandrel 206 ia raised at approximately the aame rate as fl^ 
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member 210 is ■t*^^^'^ in order to keep the tnbvlar member 210 stationaiy 
relAtivetofbenewwdlboresectianlSO. In an alternative pre fa red wnhodlme nt^ 
tfaeffrtniBlffP prt>ff w rm"^»<^«<^ tliiitailm1flrm«nher21Qpesitioned above 
the bottom of the new weObore section 13Q, keeping the mandrel 205 atftttenary, 
5 and aUowing the tabular member 2 10 to off of the mandrel 205 and fall 

down the new wellboxe flection 130 under the foioe of gr^^ 

The phig 406 is preferabfy placed into the fl^ 
the ptag 405 into the flnid passage 230 at a aur&ce location in a conventional 
manner. The phig40S prefierably acta to fluididy isolate the harden a ble fluidic 

10 fr>*««g Ty^ft»*^^^ ft™ «M» runn lio«i«n«M# fittldle matigrial 306- 

The plug 405 may conpiriae way nuniber of conventional c o mnier ciaMly 
ft ^iiiiWA jjjwnflMtfrom phiggingafhiid passagB audias, figenmplcMoltiple Stags 
Cementer (MSQ latdi-down phig, Omega latch-down pk^ 
down phig modified in aocoidancevrith the teadiings of the present In 

16 apreferredembodiment,thephig405compri8e8aMSClatch^ 
firom Halliburton Energjr Services in DallaSt TX. 

After idacement of the phig 405 in the fluid passage 240» a non hardendd^ 
fluidic material 306 is preferably pcHiped into ttointerte 
and flow rates nmgigg, for "^p^«, frn^ appronmately 400 to 10.000 pai and 80 

20 to 4t000 galloni^knin* In this manner, the amount of bardenablefhiidie sealing 
Tfintftw ai » ;»Kiti t h^ {fitjirtiip aiO of the tabular mamber 210 ia mhilmlTfd Ina 
prefftrrffi fip hir^^^^^ "ft"- pbiaemeait of IhB phig 405 in the fluid passage 240. 
the ntm han W*y**^» itmtor iAi anfi ia prsfersh^ pumped into the interior region 310 
at pressures and flow rates rangingfitam ^ipiommatdy 500 to 9,000 ^ 

In a prefsned embodimBnt, the appaxatua 200 ia adapted to minimiae 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
^wpawS^m TnanHr nl gOK, the material eomposition of the tubular memb^ 210 and 
30 expansaonmazidrel205» the inner diameter ofthe tubular niember 2^^^ 

thidmess of the tubular memb» 210, the ^rpe of hibricant, and the yieW stre^^ 
ofthe tubular member 210. In general, the thicker the wall thickness, the smaller 
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tiie mner diameter, and the greiUte the yield straogOi itf 
thai tbegreiter the (veniiiigpnsnrwzsqitirad to ex^^ 
210 offof the mandrel 205. 

For<;niiedtniralar]neiBben210»fIwezt^^ 
5 offofthee^pandabtemaiidrdwmbqiinwfaantheiirenu^ 
810 zeadies, ibr erainiib, aiipramiiatellr 600 to 9/K)0 peL 

During the ertruakmproc«, the eaqandable mandrel 205 nuyte 
oat of the eipanded portion of the tabular member 210 at rates ranging, fi>r 
example, fromaboutOtoSfVaec. In«prBfiBrrBdembodinient,daringthB extrusion 
10 proceed theexpandablemandnl206i8ndaedoatoftheexpndedporttonoftha 
tnh wl i nri nfi nibe r210atiala8tanglngframabont0to2ftAaeinarfArto i»<^u^ 

the thne required far the eipanaiim preeeas irtile alao pennitti^ 
tiie eqwnsoa proceaa. 

When the end portion 260 of the tubular member 210 is extruded oflf of the 
16 wpwidable mandrd 206, the outer suiftoe 265 of the end portion 260 of the 

tubular membar 210 win prefcrBbbr contact the interior sorfece 410 of the end 
pordon270ofthBcaaingll6tofaman£hiidtIjjtt<w«riappingjoint. lliecontaet 
pcessure of the overlappnig joint m«y range, far enuDpte. from i«Vn^ 
to2O,O0OpBL In aprefaned embodiment; the oontaetpraaaiireorthe overlapping 
20 joint xangM Ihmi qproiimatebr 400 to 10.000 pd in order to provide 

praasure to activate the annntar aeding memben 246 and eiitinM% pxovide 
reristanee to axial motton to aooonmwdate tgrpieal tenaile and CQnq)reasive loads. 

The overlqppingjoint between the aeetiim410tftheeKi8tingea8ingll6 and 
the »ection266 of the eipanded tubularmeniber2l0p«eferdi^ypfovide8«gBaBou8 
26 «KiflaidicaeaLInaparticulat^rprBfariedembodiment,thoBealmgmemherB246 
optimally provide a fh i idift ana g B wcmaaaal in the oTOti^il^ 

Ina pre&rxedembodintent, ttie <^ier8ttogprea8are and flow rate of the non 
hardenahIelhiidicmat«rial306i8controIlah^Fr«mpeddownwben the expandable 
mandrel 206 reaches the end portion 260 of the tubular member 210. In this 
iO »Mnner,tlm sudden releaaaofpressurecaaiaedly the complete extnision of the 
tubutor member 210 offof the e ipan da hl e m und r el 205 can be minimixed. Ina 
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prefemd embodiment, tiie operating pressim) u 
fashion finnn 100% to abrat 10% durii^ 

when the nmndrel 205 is within about 6 feet from completion of the extrusion 
prooess. 

5 Ahernative^.orinooinb]natfon,aBhockabsQrberisp]t)^^ 
member 250 fai order to absorb the shock caiisedly the iwii^ 
The shock absorber may con^niae, for eiample, any conventional oommerdaUy 
available duick absorber ad^;>ted for use in weilbore operations. 
AUernativ^, or in combiiuitioii, a mandrel catcM 

10 in the end portkm 260 the tubular member 210 in ordo' to catch or at least 
deoderate the mandrel 205. 

Once the fwrtnisb" process is cosnideted, the expandable mandrel 205 is 
removed fiom the weilbore 100. Ina preltor e d embodiment» cither beft>ra or after 
the removal of the amendable mandrel 205, the integrity of the floidie seal of the 

15 overlq^fMngjoint between theupperportion 260 of the tub 

the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fhiidk: seal of the oveiiai^xing joint between the upper portira 
the tubular member 210 and the lower portion 270 of the casing 116 is satasfactoiy, 
tliCT ffny TinmiT^ pftrtinm of the msteriel 305 within the expanded tubular member 

20 210isthenremovedinaconventionalmanner6udia8»finrenmple,dn^ 

uncnred material out of the interior of the expantlfd tubular member 210. The 
mandrel 205 is then pulled out of the weilbore section 130 and a dxiU bit or miU 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 9)5 within 

26 the annular r^on 316 is then allowed to core. 

Aa illnatrated in Fig. 6, preferably any remaining oozed material 3^ 
the tntgrigr of the exptmdtd tubular member 210 is then removed in a 
conventional fny*****^ using a conventional drill string 505. The resulting new 
section of caang 610 tochides the eipanded tubular mmnber 210 and an outer 

30 snnularl^yer 615 ofeared material 305. Thebottomportionoftheapparatu8200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 uang conventional drilling met^^ 
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a prafetnd embodiment, as ilhutratad in Fig. 6, the uppv 
aftbB tubular n«Baber 210 farfndaa«iiM» nrmnr* ^ffngmip^^ ffl5 

moreprBasuieralienioleieiO. I&tliianianner.tfaeo««tlaii|iii«jointbeti^ 
lower poituHi 270 of the csaing 115 and the i^ipa- portion 260 of the tubular 
6 member 210 is ineasnre-ti^ and tbe pccsauze on the interior and estnior 
sor&oes of tbe tubular membor 210 is eqpaliaed dnxii« flia flKtrusion 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615fonned intbeooter sax&oe26Sof tliai9perpOKtioti260 of the 
tabular member 210. Jn an altaniativa prefinmd fi^Wn t. the — 

10 members 605 are bonded or molded onto the ontereurftee 266 of the Tipper portion 
260 of the tubular member 210. IliepccsanrarelltfbdIeseiOaeprafbrably 
positioned in the last iiaiir fast ofthe tubular member 210. pteaaore idief 
boles reduce the operating presnres required to eqtand fiM upper poriitm 260 of 
the tubular member 210. This reduction in required operating pressure in turn 

16 reduces the VBlodly of the mandrel 206 upon the completion of the ertrosion 
process. Tbisreductioninydodiyintnrnmimmizestfaemechanicalabocktotiie 
oitire iqiqparatus 200 upon the convletion of the extinsicn process. 

Refeniog now to Fig. 7, a porticulai^ pn&rred embodiment of an 
dpparataa 700 fiir finmixig a casmg witfam a wellboire pzefeiabllr indudes an 
20 expandable mandrel or pig 705, an ai^andable mandrel or pig contamer 710, a 
tubular member 715,afloak shoe 7a0,alotter cop aeal 725, an upper eiq) aeal 730. 
afhiid passage 7S6,afhddpaaBagB74(naaui5«ortmembcr746,abody of hibricant 

750, an overdmt oonnectioa 755, anothar sqiport member 760, and a stalnlizer 
766. 

26 The etpandable mandrel 705 is coupled to and supported by the sjqjport 

inember746. lha<ng>mirtahlwmiiwtwI70BiiltefliarBMplrfto 
mandrel container 710. aqiandaUe nwdiel 70S ia prdbrab^ adiyted to 
eontroUabfy eipand In a radial direetimi. Tin eapasdaUa mandrel 705 m«y 
ccmipriseaiynumbgofconmitiondcoBunerdallva»aflAli*«»« r«T«i«M^| ^ 

30 modified inaceotdanceiwth the teadifagaoftbepresmitmidoa^ Inapcetered 
embodiment, the expandable mandrel 705 oomptiaes a hydraulic expanaion tool 
wibstantially aa diadosed in UA Pat No. 6,848,085. the contents of wUch are 
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incoxpcnrated herein by reference, modified in aocordanoe with the teachings of the 
present diBcloeure. 

The espamdable mandrel container 710 is coupled to and siqipo^^ 
support member 745. The eipandable mandrel container 710 is ftirther coqded 
5 to the eipandabla mandrel 705. thji PtrpmApthU^ ™>ndw»i t^nt^tnar 71 n wipy iu> 
constructed from msy number of cmrveational oommerdally amilable «ta*«-i»i" 

mii^h for gflftttiipU^ fHHU^lii Cntnhj TiiKnlay fionHe^ mt^nXamA atoftt tittiimH 

hig^ Strength steels. In a pxef e i ie d embodiment^ the ffipandable mandrel 
contaiDsr 710 is ftbricated from material having a greater strength than the 

10 material frnii^iich the tolralarmembar 715 bfidnricatad. In fliis manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
tfiickiHW than flie tubular member 210. This permits the container 710 to pass 
throng' tij^t clearances thereby facilitating its placement within the wdlbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower streogth material of the tubular membv 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outode diameter 
of the container 710. 

The tubular member 715 is coupled to and sui^xirted by the expandable 
mandrel 705. The tabular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantial^ as 
described above with reference to Figs. 1«6. ^le tubular member 715 may be 
fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods (0CT6), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre fer red embodiment, the tubular member 715 haa a substantially 
annular cross-section. In a particolaity preferred embodiment, the tubular 
member 715 has a snbstantjalTy circular annular crosfrsectioa. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 816. Theupper secltan805of the 

30 tubular member 715 pgefersh^yte defined ly the rqiion 

of the mandrd container 710 and ending with to top aectian 820 of the tnbi^ 
mmber 715. The intermediate section 810 of the tubular mmber 716 is 
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prcftrabfydefioedlbytberegioa 

oontaioerTlOaiidezidiiigirithtberQgiimm Hie 
kmv aectioii of the tubular moober 715 is pr8fera% defined by the ngion 
b eginnin g in the winityQfthemandrd 70^ 
6 tubular member 715. 

£a aprafond embodiment; Om wan ttddoiees 
the tubular mamhgr 71S i« greiitor ^ii^ ^11 ^ the intcimcdiatc 

and lower sectkins 810 and 815 of the tubular member 716 in 
faciliate the in i t ia t i o n of the extruaian prooaaB and optima% pgfwtl^ thft arpanitno 
10 700 to be n o a it ioned in locationain flia wrfflvmi himigtigiit r^fa nmrw. 
The outer diameter and wan thiefaoeaa the iqq[w 
tabular member 716 may range, for ezanqde, Shmi 

to 2 inches, respective^. In a preferred emhodisient^ the outer diameter and wall 
thicknessofiheiQSperaectian 805 of fhe tubular memb^ 

15 to 16 inches and 3/8 to 1J» inches, respective]^. 

The outer diameter and wall thidmeas of the intermediate section 810 of the 
tubular member 715 msy range, for examptepfrom about 2«5 to 50 mches and 
to U inchea, respectively. In a prefeocxed embodimaiDt, the outer diameter axid 
waU thidmeas itf die intennediate aeetion 810 rfihe tubular member 715 range 

20 fimiabontS^tolBindieaaDdl/BtolJieiBdie^ieapeGtx^ 

The outer diametw and waU tihiclaeaB of fhe lower sectim 
tubular member 715 may range, fbr example^ fir^ 

to 1^ inches, respecttvebr* In a prafondemihodiment^ the outer diameter and 
wan tUckneas of the lower section 810 of the tobuhff member 716 range ft^ 

25 about 3.5 to 19 inches and 1/8 to l^indiea^reapedMr. In a particular^ 
prafeLied emh n dimen t, the waH t hickne aa of the hmer aaction 816 of the tubular 
member 715 is itarther inereaaed to increaaa the strength of the dm 720 w 
drillable matoials audi as, for example, ahnninum are used. 

Thetabularmember715pnrferablyoomprisesaao!idtubularm^^ In 

SO aprrferredcmbodiment,thecndportlon820ofthetobularmember715i8alo^ 
perforated, or otherwiae modified to catch or alow down the mandrel 705 whan it 
oompletea the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 7 15 is limited to Tninimtgfi the possflbility ofbuckling. 
For typical tubular member 715 materials, the length of the tabular mexnber 715 
is preferably hmited to between about 40 to 20,000 feet in length. 

The shoe 720 is ooiqded to the expandable mandrd 705 and the tubular 
5 member 715. The shoe 720 indudea tfaa fluid passage 740. In a prefenred 
embodii&ent, the dboe 720 toiber in^ 

jetpoitaSSS. In a paxticula^ preferred embndhnftnt, the cross-sectional shape 
of the ixilet passage 830 is adapted to receive a latchnlown dart, or other aii^^ 
dements^ for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body ofsoM material 840 for increasing the strength of the 
shoe 720. In aparticnlariy piBfer red embodiment^ thebody of solid material 840 
conyriaeB ahinrinnin. 

The shoe 720 msy comprise any nuinhwr ct conventioTial commerdaUly 
available shoes such as, for ezampla, Soper Seal II Down-Jet float ahoe, or guide 

15 shoe with a sealing sleeve for a latdi down i^iigniodifiedm 

tiMM^^iTiga of the present disciosore. In a p r ef er re d embodiment, the dioe 720 
conyrises an aluminum down»jet guide shoe vrith a aeaHng sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX» modified in 
aocordanoe with the teachinga of the present disdosore, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize tiie seal between the 
tubular member 716 and an eastingwelIborecasing» and to opttm^ 
removal of the shoe 720 1^ drilling it out after oompletiou of the extrusion process. 

The lower cop seal 725 ia coupled to and supported Iqr the sap^ 
745. The lower cup seal 725 prevents foreign materials firom entering the intnior 

25 region ofthe tubular member 715 above the ezpandablei^^ 

cup seal 725 may comprise angrnumber of conventional oommerdal^yavailaUe cup 
seals audi as, for example, TP oqpa or Selective Ii^jection Packer (SIP) ojpa 
modified in accordance with the t ^ rarhingB of the present disclosure, inapreferzed 
embodiment, the low^r cup seal 726 comprises a SIP cup, available from 

80 Halliburton Energy Sarviees in Ddls8.TX in order to optfana^ 
harrier and hold a body of hibricant 
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The iipper cup iBal 730 ia coupled to aixiiapported by the lappo^ 
760. TheiQipercivaedTSOpceTentBibiagniiiateriBbf^ 
region (tf the tubular meniber 715. TbevppeecapweBilSOmaycampnaeanv 
number of conyen tional cimunerciaHy available cim Mala meh mh, fnr i^Twp]^ 
6 cups or Selective Iqjeetkm Fteker (SIP) ciq> modified in ..n^m^ with the 
teachings of the present diadOior*. Ti* «|M*ftiwrii th««rm>^ 
730conn>riaeBaSlPiaip«CTfljihl»ft«i«W»linii^^^ 

in order to optinially pxoinde a debris bairtar and ccmtain a bo(|7 hbr^^ 

The ihiid passage 735 parmita floidic mataxiala to be tnoupuled to and 
10 lh>mtheintariorreaoooftfaetubiiJarinm>b«7ll>liit^ 

705. Tbefiuidpa8sage7S5i8fIiiidic^ooaidedtothefhiidpeaBage740. Thefluid 
passage 786 is prefetab^f coupled to and positioned within the support mem^ 
760, the support member 746, the mandrel container 710, and the oTw»wi.Kif. 

mandrel 705. Tbe fluid passage 735 preferayyertends from a position adjacent 

15 tofl>esurfecetothebottoim<rftheffTpmidablemandrd70S. The fluid passage 735 

i8pR&r8bfypoflitioiiedalongaoenterltneaftheqiparatU87(M). The fluid passage 

735 is preferalily sdeeted to transport materials such as cement, drilling mud or 

epoxiea at flow rates and ptessures ranging from about 40 to 8,000 gaUona/minnte 

and 600 to 9,000 psi in order to provide aufBdent opemtiag pressuzes to cxtnide 
20 the tubular member 716 ogrf But «»«|MHMiyKf« wt^ww lrfi 705, 

As described wbem with l e fia e m ie to Fip. daring r'^'^rm ftit of Hie 
qpperatua 700 widdn a new section of a wdBxne, fluidie materials fitzced iq> the 
fluid passage 735 canbe released into tlmwaDbare above the tabular member 716. 
Inapreferred embodiment, the apparatus 700 fbrtherfauAidesapreasureraleaw 

25 passage that is coupled to and positioned withhi the siQiport member 260. The 
praBsurereleaaepasaagB is further flnldidycoi^Jad to the fluid passage 735. The 
pressure release passage pzefenbfy inehides a control vahe fijr eontioUably 
<Y>emag and ckwdng the fluid passage. In a prefterxed embodiment, Oe control 
vBlTOiapteasuieactivatedinordartocantiolWi^ynanimiaesurgBpit^^ The 

80 Prwwrerdeaae passage is prefiBMbty positioned substantially orthogonal to the 
eentariine of the qnmtus 700. The pressure release passage is preferabfy 
seleetal to conwey materials wch as cement, drilling mud or epoxies at flow rates 
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and pressuzes rasgiiig from about 0 to 500 gallon f^Aninute and 0 to 1,000 psi in 
order to reduce tbe dxag on the Biipantus 700 during inae^^ 
of a wdDKire and to miniznize surge pressurea on tl^ 

^nie fluid paaaaga 740 permita fluidic matirriBla to be transported to and 

6 from the region exterior to fbe tubular member 716. Tbe fluid passage 740 is 
prefiarably owgded to andpoaMoned withdn the shoe 720 in fluidift cmumunifatian 
with the interior region of tbe tubular member 71S bdow tiw 
705. Thefluidpaa8aee740prefiBrab]!ybaaacros8-aectionaldiapef^ 
phig, or other aimilar device^ to be placed in the inlet 

10 tothexefajhlockftartherpaasagBaffluidfc materials b this manner, the interior 
region of the tubular member 715 below the frpendahte mandrd 706 can be 
a^timaOj fluidic^ iaolated from the region exterior to the tubular member 716, 
Tbia peimita the interior le^on of ttie tubular member 71£ below tl^ 
mandrd 205 to be pressurized* 

16 The fluid passage 740 is preferably positioned substantially along the 

oenteriine of the apparatus 700. The fluid passage 740 is preferab^ selected to 
convey irr fft*»"'>^« audi as cement» drilling mud or epozies at flow rates and 
pressuresrangingfromabout 0 to 3,000 gallonf/minute and 0 to 9^000 psi in order 
to optimaUy fiU an axmular region between the tubular member 715 and a new 

20 aectiouofawellboiewitlifliudicmateiiala. In a prefigrred cmbodfmmt, the fluid 
passage 740 inchidOT an inlet passage 830 having a geometry that can receive a 
dart and/6r a ball sealing member. In thia manner, ^ fluid passage 240 can be 
sealed off by introducing a phig, dart and/or baU aealing dements into the fluid 
passage 230. 

25 |napiefiaTedembodiment»theaiiparatna700fin1iherinchi^ 
seals 845 coupled to and supported by the end portkm 820 of the tubular 
715. The seals 845 are fixrther positioned on an out^ nxzfiaoe of the end portion 
820 of tbe tubular member 715. The seals 845 permit the overlqqpi^ Joint 
between an end portion of preexisting casing and the end portion 820 of the 

SO tubular member 715 to be fluidi^ sealed. The seals 845 may comprise any 
number of w i i w y i M ^ y***^ eonuiiereiaUy available seals sudl aa» for eqmmple, lead, 
rubber. Teflon, or eposy seals modified in accordance with the teachings of the 

-22. 



fxreaent diadomire. In m pref m ^ cmbodimeiit* the seals 845 compriae seals 
sudded from StntaLodc epoxy cvaflaUe ftom HalHburton Bnergy Services in 
Dallas, TS in Older to optiiDBlly prai^ and a load bearing 

interteence fit in the overii^ipiair joint b 

716 and an 

6 eristing easing with optimal load bearing canadty to sa^^ 
716. 

InapradGmedenibodiine&t^tlis seals 846 are odect^ 
frictional force to rnqsport tiie expended tabular member 715 bom the ^'^y^^ 
easing. InaprefaTedembodimmti^thafricti^ 

10 rangea from aboat 1,000 to l»O00jD0O Min order to opthnalJIy support ths 
expanded tabular member 716. 

Thesiqiportmember746iswBfgrBMyeoD|Jedt^ 
705 end the oversbot conneetion 755. Tbe s&qpport member 745 pteiteablf 
comprises an annular member having suffident strength to 

16 700 into a new section of a wdDMre. llie sopped meni^ 

ntunber of conventional commercially availshle support members such as, for 
examjde, sted driU pipe, coiled tubiiv or other hi^ strength tubulv 
accordance with the tftarhrngs of the present disdosuxe. In a preferred 
embe d ime n t, the sogport member 745 comprises conventional drill pipe available 

20 from various sted mills m the United States. 

In a preferred emhodinwmt^ a bo^ of lubiicant 750 is provided in the 
annular region above the e»panrtnh1e msndrel container 710 vrifldn the interior of 
thetububrniember716. Inthi8manner,theeKtraaionrfthetubttlarmember716 
off of the eqMndahle mandrel 705 is fitriWtated, Tbe faihrkant 705 mi^ comprise 

25 any munber ct eonventional commerdaQy acvailable hdnicants sueh as» for 
CTawpte* Uibrqdate, chlorine based hibricants, oO based hihricants, or fi»t«i»7r 
1600Anti8iese(S100X Xnepreforredendiodfanent, theh]bricant760compriBes 
CUmsx 1500 Antide» (3100) smflaUe from HaDibiirton Energy Services in 
Houston, IX in order to optfanalllf provide 

30 process. 

The overdiot connection 765 is coiqfled to the siqiport me^ 
supportmember760. Tbeover8hotcomiection765prefcrab|ypermitsthesiqvort 
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]neiziber745toberaiiuivab^cov9}tedto TlieovezBhot 
romif fft^"" 755 magr oonqirise any xuunber of conventional oommerdally available 
overshot ooonections such as, for exanqde^ Innerstring Sealing Adapter. 
IniiersCring Hat-Face Sealing AdBpber or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment^ the overshot connection 755 dnnpriaes a Innerstring 
Adapter vrifh an Vpper Guide available from Halliburton Energjr Smnces in 
DaOaSkTX. 

The 8iq>port member 760 is preferal^ coupled to the o 
766 and a SQxfhoesiqiport structure (not ilbistrated). Hie support member 780 

10 preferaib^conqpriaeB an annular member having sufiBci^ 

8fiparatn8 700intoanewseetionoraweDbore. The suqpport member 760 may 
comprise any number of oonvmtional oonmierdaQy available support members 
siich as, for exan^Ie, sted driU pipe, coiled tubing or othff 
modified in accwdancewiththeteadiipgs of th^ Inapreferred 

15 enibodiment,tbesupportmember760comprise&aconventionaldri^ 
6t>m steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. Tbe stabilizer 765 preferab^ comprises a 

20 q>herical member having an outside diameter that is about 80 to 99% of Oie 
interbr diameter of the tulmbr member 715 in order to opting 
bucfclingoftlieti]bularinember715. Thestddlizer766mayco(nqiri8eaiiyrnimber 
of conventional oommerdally available stabilizers such as. for ezamide, EZ Drill 
Star Guides, packer shoes or dragblocla modified in accordaxice with the 

25 of the present disdosuxe. Inaprefim;edembodiment»tbestdnliser765cimiprises 
a «»AHng adapter \q>per guide available from HaHibartcm Energy Sarvices in 
Dallas, TX. 

In a pretezed embodiTnent, the support members 745 and 760 are 
%hn^ fj^^Y t^mmmd prior to aaaemblv to the remaining portions of the apparatus 
30 700. In this manner, the hitn)duction of foreign material into the ai^>B^ 

is minimized. Thitr ^^^^^^ «i*> pnmnhffity of foreign material dogging the 
various flow passages and valves of the ^^aratus 700. 
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In a preferred embo diment, before or after positioning the apparatus 700 
wittiin a new section of a weDbore, a ooiq>le dT wdOxire vohimes are circulated 
thnmi^ the varioua flow passages ofthe apparatus 700 in order to en^ 
foreign inateriab are located wiiUn the wdlbore tt^ 
5 flow passages and valvea of tfie qypantes 700 and to ensure that no foreign 
material interferes with the eqnnrion niandid 705 duxi^ 

In apreftrred embodhaeat^ the qipain^ 
described above with refawice to M to fo^ 
awellbare. 

10 AsiIhistEatedinFig.8«inanattBniati«eprete^ 

and appaxBtns deaeribed heraiB is naed to repair an edstiiig wd^^ 
ly tornringatubidarlinerSlOjnai^ j^^ 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, aiy number of £hii^ 

16 materials can be uaed to expand the tdmlar liner 810 mtohtfhn^ 
the damaged section of the wcDbope casing a^ fbr erample, ccme^ 
slag mix, or drilling mud In the alternative preSerred embodiment, sealmg 
members 815 are prefiarab^y provided at both ends rfthe tubular m^^ 
to optimal^ provide a fluidic seal In an altemative preferred embodiment, the 

20 tabularlinsr810i8fbrmedwithinahori»mtal]^ 

astiioseuaedtotransporthydipcsrbonsorwatcr, with the tubular 

inanoverlapplngrelationahipwiththea4jace^ Inthismanncr, 

underground pipelines can bo repaired withmrt having to dig out 
damaged sections. 

25 In another alternativBprderied embodiment, the mct^ 

deacribed herein is usedtodireethrlineawellharBwittiMti^ jjx^ 

pkJi»xiJ mihndlmm t,anctttBrannnlarHmngofcem^ 

thetidmlarlinerSlOBndthewdlbore. lnthealteniativepnrfferiedend)odinw^ 

any number of fhiidic materiab can be used to expand the 
30 intimatecontactwiththawellboieBadia^toettn^ 

ordrilliii^ mud. 
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Beferring now to Figs. 9, 9a, 9b «nd 9c, « preCsmd embodiment of an 
apparatUB 900 for forming a weDbore caang includes an expandable tubular 
member 902»aat2i9ort member 904» an eq^^ 

908. In a preferred embodiment, tbe design and cozistnictioa of tbe mandrel 9M 
5 and sboe 908 permits ea^ removal of tboae elements by drilli^ Inthia 

manoflTp the assem^jr 900 can be easily removed from a wdlbore using a 

cqiCTHmtt ^ n j ^wlliwg nTpurataig nnd eorrw ymding drilling mirthnds. 

Thft r n""*^^^ ** tiiKnlflr mwHhar 902 jggferably indudcs an upper portion 

910,an]nteimediatepGrtion912andakmerportion9I4. Dnringopeiaticmoftba 
10 a|iparatua900,tb8tDbalarmeiite902isp^ 

906 fay pmmuizing an xziterior region 966 of the tobolor member 902. The 

tubular member 902 preferably has m substantial^ annnlw 
baparticolazfyinefiBrzedembodimeDAkaneq»i^ 

isooiqdedtoihei4)perportion910oftheeqpandabk During 
15 operationofthei4>parstus900»fhetnbularmember915i8prefe^ 

fif fhf^ tnftnH w >l flOfi hy preflgm-jging the interior leaioa 966 of the tubular member 

902. TbetobularmeiDber915preferab^ha8asubstantial^aimu]w 

In a prefmed embodiment, the wall thickness of the tubular member 915 is 

greater than the wall thickness of the tubular member 902. 
20 The tubular member 915 may be fabricated fitim any numb^ of 

conventional commercially avaiUUe matgriato audi as, for example, oilfield 

tubularSy low alloy steels, titanium or stainless steels. Inapreferred embodiment, 

the tubular member 916 is fU^ricated from oilfield tubolars 

provide approximately the same mechanical properties as the tubular member 902. 
25 Inaparticnlar^Fveforedembodfanent,ttietubu]armem^ 

point ranging from about 40.000 to 135»000 psi hi order to qptimaUy povide 

iVproKhnat^thesameyiddpriqpertiesasthetubQla^ The tubular 

inember 915 m^y comprise a pibirality of tubular menO)^ 

In a prefOTed embodiment, the upper «adp(fftfon of the tubular member 

30 916 indndefl tmo or mftrf ir^^^^g ^«^>^«^ fai- iytifnA% proOTding ^ flnidic and/or 

gaseous seal with an existing section of wellbore caang: 



In a preferred embodiment, the combined length of the tabular members 
902 and 915 are limited to minimiTfy thepoesfbtli^ofbucldipg. For typical tubular 
member matftri al a, the combiped length of the tubular members 902 and 915 are 
limited to betweoi about 40 to 20.000 ftet in length. 
5 The lower portion 914 ofihe tabular tneniber 902 is prefer^ 
the dioe 908 Iqr A threaded etameetian 968. The totennediato portion 912 ctf the 
tubular member 902 pre&rahfy ia placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 maj be fabricated from ai^ number of 
10 eonventioiial oommerdal^ available materialB audi a% for example, oilfield 
tubulara, low alloy steels^ tttaninm or atainleaaateda. In apreferred embodiment, 
the tubular member 902 ia fUttieated from 

im>videBppronmatelv thftfttTnftmflrhimii>iil jm^pfl r i;< MiftpfKfi t \^ b,,] B y |nMnbor915. 
Inaparticularly preferred embodnnent» the tubular member 9021m 
15 point ranging from about 40»000 to 136,000 psi in order to qptimallt^ provide 
appnaizoately the sanie yield properties as the tubular number 9 

TbB wall thickness of the upper, inte rmediate, and lower portions, 910, 912 
and 914 of the tubular znember 902 may range, for exanqde, from about ^ 
indiea. In apreferred rnih ndin^flnt , thA thj^'kn^gg of the upper, intennediate, 

20 «iMllowerportion8,010,9I2and914Qfth8tnbularmember902rangefi^ 
I/B to IM fai ordar to optimally penMrn mM tKii^Wt^ obout the tmmc nc 

the tubular meniber 916. biapr^3rxedembodiment»tiiewBUtiuckne88ofthe 
lower pgrtoi 914 ia leas than or to tfiiiiBan *lii^fff ifi?fthft upper portion 
010 in order to optimal^ provide a gecmietzy that will fit toto ti^ M^T^r.^ 

2S downhole. 

The outer diameter of theupper,fartgrmf>diatff, and lower portions, 910, 912 
and 914 of the tubular member 902 may rang^ far ewmi^ 
toches, Inapreforredembodiment^theouterdiaiiieterortheiqiper,!^ 
and lower portions,910,912and914of the tubular mendier 902 range 
aO 3 H to 19 inches to order to opthnal^ provide the aUli^ to espani the most 
common^ used oilfield tubulars. 
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The length of the tubtilf*^ member 902 is pre£erabty limitAH to between 
Bbcmt 2 to 5 feet in order to optimalty provide enough length to contain the 
mandrel 906 and a body of lubricant 

Tbo tubular member 902 may compriae any number of conventional 
5 commeraaDyavailabletidiularmembecBmodifi^ 
ofthepreaentdiaclosqrB, In a prafeized embodiiDent» the tabnlar msn^^ 
oompriBes Oafidd Cknmtzy Tabular Good^ 

Tbm tttbiilar tn fq^W tnay gompriae any nnmbcr of conventional commercially 
BvaOaUe tubular members mfw^j*^ in aeoordanoe with the tfwrhlngB of the 
10 pceaentdiadoattEtt. Inapratexedembodiiii^ 

Oilfield Country Tubular Goods available firom varkmi VS. steel milla. 

Tiie various deinents of ibft tabular mendMV 90291^ 
number of conventional proceaa such as. for eiampla. threaded connectiana. 
^geldhig or machined fiom one piece. In a prefened embodiment, the various 
15 dements of the tabular member 902 are coupled using adding. Tlie tubular 
member 902 may cotopriae a pluraUty of tubular denienta that are ompi^ 
end. The various elemeoata of the tubular member 915 may be coupled usix^ 
number of conventional process such as, for exanqde, threaded connections, 
welding or machined from one piece* In a preferred embodiment, the various 
20 dements of the tubular member 915 are coupled using wdding. Hie tubular 
member 9 15 may compriae a phmdity of tubular dements that are coup^ 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded c onne cti on s, welding or 
marhined from one piece. 
26 ThesuppQrtmember904prefiBrabbrindudeaa]iinBent^ 

afhiidpaaBge918,anupperguide920.aDdaooui^ng922. During operation of 
the apparatus 9(K), the support member 904 preferably 8aiq)ort8 the a 
during movement of the eqpparatua 900 within a wdlbore. The support member 
904 prefmbly has a sobatantial^ annular croaa-aectio^ 
30 The airport manber 904 may be fabricated from any number of 
ccmventioaal ccmunerdalty available materials sodi aa, for ezmnpie, oilfidd 
tubulars, low alloy steel, coiled tnlung or stainless steel In a preferred 
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embodn&ent, tho w^pport member 904 is Eabricated {torn low alloy steel in oniex 
to optinialbr provide hi^ yield BtnogOL 

llw nmastring ad^itor 916 pxefietabfy is Gonqded to and 81^^ 
cmiyeatiaaMldxiXlitmgmjppait&omK Theinnerstringadqitw 
6 916 nugr be coivled to a coimmtional drill string sofpatt 971 by a threaded 
connwRtiim970. 

The ihdd passage giSisprefcxab^uaedtocxmveyflakis and 
toaadftOBitheqpparBta8900. Inapreforedeiiibodfaneiit^tlieflnidpa88age918 
j8fIukii4roiM9ledtofheflQidpMn«B8S2. Inapre&R«dembodineiit,thelhiid 

10 pisnie9UtoiiaadtoconvejhndeBablefhiidkMeIinf Buterialatoaadik^ 
appaxaftat900. Inawrtjepl aib in e flni a d iimtinHtmimt , AmnnUt p^^^^i^jp,^ 
rndnde one or more laessun reKef passages (not flhutzatad) to tekeae fluid 
preBBurednringporf t i nn i Tig cftfaeiglwrrtMBOOtritto laaiKefomd 
rmh od iTni»n t, the floid passage 918 ispoa itton ed al o pga tonptudiniil mmfc^rfj^. ^ 

15 the ^jparatus 900. £b a preferred embodiment, the fluid passage 918 ia selected 
to pennit the converaiuae trfhartiwwMA finfaBi. in.»«i{-|„ ,,t gptinrtiDC prcnrorcn 
ntngiog from about 0 to 9,000 psL 

The UH>er guide 920 is coupled to an upper portion of the Bupport member 
904. The upper guide 920 preferabfy is ada?)tedtocenter the support mamber 904 

20 iritbintiMtiibalarmaiDiMrOlS. Ibauppergdde 920 mvcomiiriseaiv^ number 

of eoav w i UlHMll gohiB aMmhara modifiad in mrtmA»nr» ft^ ^^^1, jnp, fff flw> 

preaentdiBdosurB. Lia pi a ftn e dwnhndnnHn ^ the upper guide 920 conqmsesan 
imter8trtogad^iteraTBilahIefh>m HaUibnrton Energy Services in Dallas. TX order 
to optimdfy guide the appanrtos 900 within the tubular member 915. 

25 n>ecoapling922eo(q>lesthenq)poctmember904tothemandrel906. Tia 
coupling 922 preftnbltroaaqaisea a eonmilianal threaded conned 

The Tsrions elements of the suptxirt member 904 may l>««ft.>rh»i»«{T>g.^ 
number ci conmitional processes sodx as, for ezanqsle, ifelding, threaded 
conneetionsarmaddttedfromonepiece. In a prafiKzedambodiment, the various 

80 etementsofthe support member 904 an»coTqpWnaingtliwa^ 

The mandtd 906 prefierabfy inehtdes a zetsiner 924. a ndiber cop 926, an 
eq>ansioneoae928,aloweroaoeKetahier930.abod7of cement 982,alower guide 



d34, an eztexifikm sleeve 9S6, a q>acer 938» a boufli^ 
upper oonexetaiiw 944, alabrkatormao^^ 

950, and a fluid passage 9S2. 

Tlie letainer 924 is ocmpled to the hibricator 
5 948, Bzid the rubb^ cup 926/ Tbe retainer 924 on^ 
lubricator aleeve 948. Tlie retainer 924 pzefierab^ has a substantial^ 
crasB-aecttaL The retainer 924 may ooniprise any number of conventional 
commeiciaUy available retainers sudi as. for azsmple, slotted qxring pins w roll 
pin. 

10 The robber cop 926 is coupled to the retainer 924, the hibricatormandrd 
946, and the hiteicator sleeve 948. The rabber cop 926 psevents fiie entqr of 
fi^ gn fafcft th#i intfirm rggfam 972 flf the tubnlar member 902 bdow the 

rubber ciq> 926. Tim robber cup 926 mi^ comprise any nnmber of conventtooal 
commercialb' available rubber cups such as, for examide» TP cops or Sdective 

15 Iiyection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available fiiim Hallibinrton Energy 
order to (^yttmally block foreign materials. 

In a particularly p re fe rred embodiment* a bo<|y of hibrieant is fiirtber 
pnmded tn the interior region 972 of the tubular memb^ 902 in order 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surfsceoftbetobolar members 902 and 915. The hibricant may comprise any 
number of conventional commercially available hibricanta soch as, for example, 
Lubrg^late, ffhlftTy"*hftff^ yATiVHmfai^ ml hitMAjantMcgOimax 1500 Antiseige 
(SlOO). Inapr^rredembodiment»thehibricantcomprisesCaimaalSOOAntia^ 

25 (3 100) available from Oimax Lubricants and Equipment Co. in Houston, TX in 
<»der to optamally provide hibricatiDn to fadlia^ 

The ezpanrion cone 928 is coupled to^tower cone retainer 930, the body 
of cenwnt 932, the lower guide 934, timeztenskm deevem^ 
the ivper cone retainer 944. In a prefaced embodiment, during operation of the 

SO e^pazatua 900, the tiibolar members 902 and 916 are e^^ 

sorfkoe of tiie expansion cone 928. In a preferred cnbodinient, axial movement 
of the eqisnffion eme 928 is prevented faj tlm lower cone retainer 930, b^ 
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and the upper cone retainar 944. Inner radial movement of the expansum cone 

928 is piemited I7 tlie bo47 of oemeot 932, the housing 940, and the upper m 
retainer 944. 

The i«iwnitiofn cone928i«efatab|yhs8a«n hitoit ii n y^^ 

5 TbAoatside diameter oftheeqMnsioD cone 928 is pKferabfyt^>end to pr^^ 
a oone shape. The wall t hirknes s vi ttie expanrion cone 928 vu^ rmgs, for 
example, firom ahottt 0.125 to 3 inches. a pretend embodiment, the ^ 

thicknesBofttw o^anaon eone928 caqgesftom aboatO.26 to 0.75 incdiesiaor^ 
to optiniaUriiwwide ademmte ccmpniiMlvw mtrmgOt ^Hh mmhMi ..^ BttTia] The 
10 nia*imua a nd minfmn m ontriifa dM iiM to i » «irai» — p—^p| rr»i» aaa 

fiireampIe,iSromabo«tlto47iiiehes. fii«p«ih»«.i«mi.*..ifnfnt,*»'» "««»i"^Ti 
and minimm m outside diamet e n of tte wpurinn cane 828 range flmn riwut 8.6 
to 19inorderteopiimflqyprB«M«>»pfln«/«. nf ff,»^f^yyniflshlnniffinM tnhnlurn 
The expansion cone 928 may be fabricated from any number of coo veotJonal 
16 commerciaIbravailablemateriB]ssuehss,te-eianqile,e»amic,toolflt^ 

orlowaHoysteeL Inaprefaiiedtmhod!ment.thee «pimidm f»meBMfaif^brtft,tri 
from tool steelin order to optimalfypiovidehis^ strength and abraskmresistance. 
The surface hardness ofthe outer BDrfaeeoftheeqiansianeoDe 928 m^y range, to 
exanqple. from about 50 Rockwell C to 70 RockweDC. Inapre&itedembodiment, 
20 the amiiMehardnees of the outer Bmrftoe of the eqnnaion oone 928 ranges from 
shout 68 Bocknvett C to 62 Rodnvdl C in endsr to optimallty provide hi^ yield 
strength. AiapteAmdemhodinient, the expansion oone 928 is heat treated to 
(q;»timal^ provide a hszd ooter suifim and a resilieni fatmor b^ 
optimaUy provide abradon resistance and fracture touglmesB. 
26 ^ lower cone xetsfaMr 830 is coa^ to tbesaqpsn^eone 928 and the 
housing940. faaprofiBrtBdembodiinen<>a«ialmovBmaBtrfttoeeq>an^eone 
928 is prevented by the lower oone retafaier 930. Preferably, the lower cone 
retainar Han » mtttatmn^Wj nTmn\nr rmsTi scrtion- 

The lower cone retainer 930 magr be fabricated from aaj ««^w of 
30 conv rntionwl e oimniwrial^ in a twi <»T f w i flh t in, lhr «»— TTk, Tw ymfa tr^ 

steel, titanium or km aDoy steeL In a prefened embodhnent, fhe lower cone 
retainer 930 is fidnieated from tool steel in oxder to eptimally provide Ugh 
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strezigtfaazid abrasion resiatance. The suzlace hardness of the outer surii^ 

lower cone retainer 830 may range^ fin- exsnqde, from aiboat 60 Rockwell C to 70 

Rockwell C. Inaprefmedembodhiient^thesuriaoehaxdi^ 

of the lower cone retainer 930 ranges iBrom aboiU S8 RockweD C to 62 R^^ 
5 m order to opthnaUy provide hi^yiddstreng^ 

bwer cone retamsr 930 ia heat treated to optimal^ 

and a resilient interior body in order to optimally pw 

firactuze tou^imees. 

In a prefiBgredembodigienti the l o wer coDe retainer 9^ 
10 cone 928 are fbnned as an integral one-piece etemerit in order i«l^ 

of com p ancntaandinepeaaetheomattBtrei^lthof thesppaiat^ Hie ontar 

surface ofthe lower coxM retainer 930 preferab^ mates wi&th^ 

the tubular meiBibers 902 and 915. 

Tliebo^y of cement 932 ispoaitioned within the interiwof the mandrel 906. 
IS The body ofcement 932 provides an toner bearing stnicture fin* the n^ 

The bo4y of cement 932 further may be easi^ drilled out using a conventional drill 

device. In this manner, the mandrel 906 may be easiib^ removed using a 

conventional drilling device. 

The body of cement 932 may comprise any numbo: of conventional 
20 commercial^ available cement compounds. Altemativi^, a h i minum, cast iron or 
tome othfr drillfiMf ^fait'i^ /^iTnpniHtej mr aggregatft material may be substituted 

forcement The bo4y of cement 982 prrferablyhas a s u b s tantiall y annular qrosa- 

sectifKL 

The lovver guide 934 is coupled to the ertendon deeve 936 and boosing940. 
25 During (^Kration of the apparatus 900, the lower guide 934 preferab^ 

the movement of the niandrd 906 wfiUn the tubular me^ Hie lower 

guide 934 prefaraibty has a sn betantisH y annular cr oa a a ecBnn ■ 

Tie lovrar guide 934 maybe fkbricatedftom aiqrimmber of eonventlGnal 

r oTwtiiftn^y% iitmllAhUi mntiMttU mirh far gmnplft, oilfiflld iaibulsrs. low sllov 

30 Steel or fl^itii^Mt steeL In a piefai ed embodiment, the lower guide 934 is 
fabricated fiom low cOloy ated fai order to optimal]^ 



The outer mxrieax of the lower guide 9S4 preferably roBtes with the inner surface 
of the tubular meznber 902 to provide a slidi^ 

The ezteodon sleeve 9S8 is cmqded to the lo^ 
940. I)ujing operation oftfaeapperatas 900, the extend 
5 helps guide the inoven^^t of the mandrel 906 within the tubular member 902. 
Thi» iwrtimgmfi mh^mum 0^ pyfffnth|y hnfl ft fmhntnntiiilly nriTmlnr rronn nrction, 

TbB e rt u niBon sleeve 936 may be bbtieated from any number of 
conventional eommerdapjr avaiUUe materials sudi as» for example, mifi^M 
tubularsp low aUqy steel or stainless steeL In a piefeu ed embodiment, the 
10 eztenaiondeeve936isfibEicatadlhmi]ow 

bigbyiddstvengai. Theeiitorsmihceofthe wrtCTishm deeve 936 preferably mates 
with the inner suxliBce of the tubular member 902 to provide a sHdin^ Ina 
preferred embodiment, the extension deeve 936 and the lovrer guide 934 are 
formed as an integnl one-pieoe element in order to mfaimi^^ the number of 
15 components and increaaetbe strengthen' the i^iparatoa. 

The spacer 938 is coupled to the sealing sleeve 942. Tht spacer 938 
preferabfyinchides the fhiidpassage 952 andis adapted to mate vritb the ex^ 
tube 960 ofthedioe 908* In this manner, a plug or dart can be conveyed from the 
surfeoe through the fluid psssa^es 918 and 952 into the fluid passage 962. 
20 P^Bfarab^y, the spacer 938 has a snhstantislTy annulare^ 

Hie Bpamr 988 mqr be febricated from aqy number of conventional 
commercially available materials soch as» for example, steel, aluminum or cast 
iron. Inapreferred embodiment, the spacer 938 isfid»icatedfr^ in 
ordertooptima%providedrillabilily. Hie end ofifae4»oer 938 praferaUy mates 
26 w]ththeendortheextena!ontube960. In a preferred embodiment, the spacer 
938 and the sealingdeeve 942 areformed as en integral one-piece element 
to reduce the number (rf^oomponats and increase the strength of the ^jparatoa. 

Ite housing 940 is coupled to the lower guide 984, extension Bleero 
expansion cone 928, bo^ofcement 932, and lower cone retainer 830. During 
30 operation of the^iparatus900,tbehousing»40pieferab|yprevente 

motianofthee^[>an^ncone928. Prefierabbr, the housing 940 has a substantial^ 
annular cross-fiectiim. 
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The housing 940 may be fabricated firom any number of conventional 
eommexdally available materials such aa, for example, oilfield tnbularsy low alloy 
steel or stainless steeL Tn a rTi**'rTr^ **ffih!M>™*^ 

from low alloy steel in older to optimally provide bic^ yield stnngtlu In a 
5 prfftBTpd ff! nb^i" ty « ^ ^ inwargMide nttmtdim alae ro 936 and housing 940 
ate formed as an integral one-pieoe demyant in order to mlnimitp the number of 
eon^onenta and increase tbe strength of the apparatus. 

In a particular^ preferred embodiment, the intoior surface of the housing 
940 h?^hiANi ooe oar more ptotciisions to fiKDiate the connection between the 
10 hmuiiig 940 and ttwbo4y of cement 932. 

The sealing deeve 942 is coupled to the support member 904, the bodt7 
€ement9S2,theq)aoer9S8,andtheiq]perooneretamer944. During operation of 
nppnmtuft thft nnnHng nlfiom fti? prrfrmbly pfrrrMm trrrr''* ^»ru\^^ 
906. The sealing sleeve 942 is prrferably coupled to the inipport member 
15 the coupling 922. Preferab^, the sealing sleeve 942 has a substantially annular 
cross-aection. 

The sealing sleeve 942 may be fUmcated from any nuinber of convention 
commercially available materials such as, for example, steel, aluminum or cast 
inm. In a pre f erred embodiment, the aealing sleeve 942 is fiekbricated from 
20 fti itmwmn in md^ to optimally pwyvide driPability of the sealing sleeve 942. 

In a partieulariy psceferxed embodiment, the outer snxfiMe of the aealing 
fllegve 942 includes o«» Of more p rairosiona to farflinte the co n ne ct i an . between tiie 
sealing sleeve 942 and the bodjr of cement 932. 

In a particolarfy preferred embodiment, the spacer 938 and the sealing 
25 deeve 942 are integrally formed as a one-piece element hi order U> minimi 

number of compcmaiits. 

The qpper cone retainer 944 is ooupbd to the expansion cone 928, the 
aealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 prefoably prevents axial motion of the expanse 
30 cone 928. Prefierab^, the upper cone retainer 944 has a aohstantially an^ 
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Tb» vpfper cane retainer 944 may be faMcated from any number of 
oon^enttonal conamerdaQy araflable materials audi aa, for exaiz4>Ie, steel, 
ahmimumorcaatinm. In a p r ef erre d wnhndimfmt, the upper cone retainer 944 
la fabriCTt edfti nn a htminiim in order to optimal^ 
5 ooneietaInerM4. 

In a part i rwlar ly p ^ efai iB j embodiment^ the 
croaMetiQnal shape designed to piD?ide incveaa^ In a particularly 

prefienedemb odhnmit , thenrnwrcpnegBtainer S44haBae^^ riifi pf f 
that is suhstantialty I-sbq)ed to provide increased rigidify and minimise the 
10 amouitofiiiaterialtfaativDoldhavvtobadcflU 

The hihrieator mandrel M6 Is coqpled to the letshier 824, the ^ 
926> the upper cone retainer 944, the habricator sleeve 948, mnd th^ ^^An gf p 
During operation of the apparatus 900, the faibricBtar mandrd 946 prateab|y 
contains the bo<^ of hibricant in the annular region 972 for biKrfiHifjffg the 
IS interface between the mandrel 906 and the tubular meinber 902. Fte&rahtf , the 
haKrift^r w^^^iii^i oAa y^^^ ^ wihttnntiaUr rmnulnr rmfm nrrtion 

The hibricstor mandrel 946 may be fabricated from ai^ number of 
conventional commerdaUy available matflrials audi aa, for example, steel, 
ahmimnm or cast iron. In aprefened emhodimeot, tbehibricator mandrel 946 is 
ao fabricated from afamodnum in oider to optimalhr provide drillabilily of the 
hibricator mandrel 946. 

The hibricator sleeve 948 is coi^Ied to the hibricator mandrel 946, the 
retainer 024, the nibberciq> 926. the upper oemeretatoer 944, the 
948, and the guide 950. I>iiiiz«operati(mof the qq;iaratus 900, the hi^ 
25 sleeve 948 prefbrahbraoppartsthandiber cup ^ Ptsftrab^. fhe hibrieator 
rfiMiim Qig n nbntmitinlbr immilsr rrow anr Hon 

The hibricator sleeve 948 may be fiabxieated from any number of 
conventional cammardal^ avaflaUe materials such as, for example, steel, 
ahiminum or cast iron. In a preferred ernbodiment» the hibricator alaeve 948 is 
30 fobricated from ahnninnm to (nder to optimal^ provide driDability of the 
lubricator aleeve 948. 
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As ilhifltrated in Fls- 9c, the lubricator ateeve 948 ifi Eupported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 ooiqdes the rubber cup 926 to tbehibric^ In 
aprefemdembodimenty seals 949a and 949b are pnmded between th^ 
5 mandrel 946, hdModnr sleeve 948, and rubber cup 
off the interior region 972 of the tolnilar mento 

The guide 950 is coiQded to fbe lufaricator niandrd 946. the 
and the hibricator sleeve 948. Duringoperationofibeqiparatos 900, the guide 
9S0prefienh^ guides the apparatus on the siqiportmento Preflerab^,the 
10 guide950h8sasubstaDftiaU78iiiiu]araw»4M^^ 

The guide 960 may be fiafaricated fiom sny number of conventional 
oommerdalltsr availaUe matetislft socfa as, for esaoqde, steel, ahimimiTn or cast 
iron. In a imfiecred embodiment^ the guide 9G0 is fabricated ftom alumimim 
order to optimally provide drillsUUty 
16 Hie fluid passage 952 is ooiqded to the msndrel 906. During operation of 
the apparatus, the fluid passage 952 preferably c onv ey s hardenable Duidic 
fnafawHaifl In a pxtferrod embodiment, the fluld passago 952 is poritionod about 
the centerlineofthe apparatus 900. In a particularly prrferred embodiment, the 
fluid passsge 952 is adqited to oonv«Qf hardenable fluidie materials at pressures 
20 andflGwraterangmafitmiabout0to9,000p8iand0to3,000gaUona/^m 

to optimally provide pressures and flowrates to displace and ciito Iste floidn during 
the installation of the annratusSOO. 

The various elements of the mandrel 906 miqf be eoiq>led using any 
of conventional process such as, for exan4>le, threaded connections, welded 
25 oonneetionsoroementing.Inaprefenredenibodiment,thevariooselemm^ 
mandrel 906 are coiqded using threaded connections and cementing. 

The shoe 908 prefiuably hicfaides a housing 954, a bo4y of cement 956, a 
sesling sleeve 958, an extension tube 960, a fluid passsge 962, and one or more 
outlet Jets 964. 

30 Theh0using954i8coupledtothe bodbrofcement9568ndthelowerportion 
914 of the tulmlar member 902. During opention ctf the apparatns 900, the 
housi&g954prefbrab]ty couples the lower portion of the ti^^ 
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riloe 908 to fadlttiite the wtniBim and poatiadng of the tabular member 902. 
Pkefenbfy, the hoiuixig 954 has e Ad)^^ 

The hoosiDg 954 ma;^ be fUxricated fiom any mmiber of conventional 
commmiaify availahle materials tuch as, for prample, steel or ahmunum. In a 
5 prefened emhodimmt> the houamg 954 la fahricatad ftom ahmmmm in order to 
optimalltf provide diilldvfli^ 

In a particulariy prefened wnhndimmt the interior mtijMse of the hmnnrig 
954 indiidea one or moie pratniaiona to fkdliate the 
of cement 966 and the houaing 954. - 

10 Thahodyrf wrnwrnt «M {««mpliifl *« ftfU^ 43^ m^f ^jj^^^^jpf^ 

968. Inaprefatied^hodimi^thecampoeitfamofthebod^ 
adectod to pennit the bo4f of cenent 4o be ead^ driOed mit 
drilling mafihfnPB and pnioegBOB. 

The oonq>08ition of the boc|y of eement 966 nufy inchide any number of 
16 conventional conent ronmppgitiopa. In an altemative embodiment, a dxillable 
material mch aa^ for mrnipln^ ulitm^tifim or Iron miy Ka ai^tjfnt^ for ^ h^ bfrfj 
of cement 956. 

The sealing aleeve 958 ia cotqded to the bo(|y of cnnmt 956, t^^ 
tnbe960,tbefhiidpa88agB962»andoneormoreoatIetjetB964. DQringcq)eration 
20 oftheapparatua900,the8Baling8leeve958prBfimhb^ 
hanlenablelhiidk material fhmiUiefhnd passage 952 i^ 
and then into the outlet jeta 964 in Older to hdect the haidenable 
into an annular rogion eztenud to the tubular member 902. Inaprefened 
em bnd hnpnfc daringoneration cf the afyaFataiaflQO, iha «NiH^g nii ^ ff n gse ftirthcr 

25 inchidea en inlet geometiy that permitaaconventionalplngor dart 

lodged in the inlet oftheaealingaleeve 968. In thia manner, the ihxld passage 962 
may be bloclmd thereby fhiificbr isolating the interim 
member 902. 

In a pteferred embodhnent^ the sealing aleeve 958 haa a eubatantiaUy 
30 annnlarcrDes^section.Theeealingsleeve958mv 

of conventional commerdalfy available materiala such aa, Ibr example, steel, 
aluminum or cast iron. In a p re ilBrted embodime&^ the •^t^ng deeve 968 is 
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ftbiicated fimm ahuninnm in ordflr to optmalfy provide drillabifity of the "Mifng 
sle0ve958. 

Hie fTrtf»<iw tube 960 is coiqded to the sealing sleeve 958, the fluid 
passage 9G2, end one or more outlet jets 964. Daring operation of the apparatus 

5 900, the ertenaon tobe 960 prefciab^ is adapted to oonvy a hflrdeneble flnidie 
material brm the fluid passage 952 into the fluid passage 962 aood then into the 
outlet jets 964 in Older to iiqect the hardenshle fioidic aat^^ 
reg^ external to the tubular membor 902. In aiatferred fimbodiin ent, during 
operatton of the apparatus 900, the sealing sleeve 960 further inchides an inlet 

10 geometiy that pennits a conventional phig or dart 974 to become kx^ 

inlet of ^seaSng sleeve 958. In this manner, the fluid psasage 962 is blodoad 
fty'y ^y flnirlw^Jy luftUtrng thft interior region 968 of the tubular member 902. In 
a preferzed embodiment, one end of the extension tube 960 nmte^ 
the q>aoer 938 in order to optinxal^ fadliate the transfer of mat^ 

15 two. 

In a preferred embodiment, the ezt^on tube 960 has a substantially 
annular cross-aection. The ertenfiion tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, stad, 
aluminum or cast inuL In a p re fe rred em b odi ment , the extension tube 960 is 
20 febricated ikom f^^™^ in order to optimally provide driUalnlity of the 
frtenshon tobe 960* 

The fluid passage 962 is coiq;>led to the aealing deeve 958, the extend 
tobe 960, andoneormore outlet j^ 964. During operation offbe apparatus 900, 
the fhiid paasage 962 is preferably conveys bardenable fhiidic mstmala . In a 
25 preferred endxidiment,aie fluid passage 962 ia portioned about tto 

theaKiaz«toa900. In aparticular|y preferred emhodfammt, the fluid passage 962 
is ad^yted to convey hardenable fhiidic materials at presaores and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gattonatein in order to opti^ 

provide fluida at opmtionaDy eflOdent rates. 
30 The ontletjets 964 are coupled to the sealing sleeve 958, the extension t^ 

960, and the fhiid passage 962. During operation ofthe apparatus 900, the outlet 
jgtfl 964 prrferably m[\™y Kai^anflKlB flttiHii* nuitiiriAl from the fluid paasape 962 
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tot2ieR8ioiierteTiorofthfi^i{iaz»^ laapxefenredembcidinient^thesfaoe 
908 inchzdes a phiralilyor outlet jets 964. 

Inapcefisrredeinbodimeiit^ the outlet^ 
the hooBing 954 and the bodbr of cement 966 m 
5 oftheaiiparatiisdOO. 

The variouB elements oftfaeihoe9(» may be conpl^ 
conventional process such a8» for example, threaded connections, cement or 
machined ftom one piece of mateiiaL In a praTenmd einbodiment, the various 
elements of the shoe 908 are coupled Uttng cement 
^0 r irrrfhrrfTd nmhnilhiinnf thfi nnwimhlr ftftft fir frpnrstnd ^nW^iptf ^f^y ^ 

desct&ed above vitli rafiBceoce to Fi«B. 14 to 
wdlboni or to iqieir a iiellbace eaeingor pqMline. 

In particnbr, in ordor to eitnnd a wdlbote into a sid^^ 
a drill string is used in a well known manner to drill out material from the 
15 subterranean fismation to form a new section. 

The appaaitQB 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the weDbore. In a particular 
preferred embodimeot, the iq>paratu8 900 indudes the tub^ Ina 
preforred embodiment, a hardenaUe fhndie sealing hardenable fhiidie ^^^^ 
20 material is tha punned firum a aurfooelocatioD into the fbiid^^ The 
har dimahV flniitir snaKng m a teri al than passes firon the floid passage 918 into the 
mtermr region 966 of the tubular member 902 below the mandrel 906. The 
hardenaUe ibidic sealing material then paaseafrmn the interior r^n 966 into 
the fluid passage 962. The hardenable ihiidic sealmg material then exits the 
26 appsratns 900 ria the outlet jete 964 and Ok an annular region betwem 
exterior rfthe tubular member 902 and U» intartor wan of the new ae^ 
weDbore. ^Vnt f mtf r d i mrnping of the hm rrt im nh ln fln i diY senl tn ff m n l m hA v ii n wu Hie 
material to HU up at least a portion of the annnlar regum. 

The hardenaUe fluidic eealing material is preforab^ pumped into the 
30 amiularregicm at preasiirea and flow rates ranging; for ennqde,!^ 

5,000 psiand0tol,500gallcw!iiftnfn,req)ectiv^ InapreAnedembodhncnt,the 
hardenable fl uidir spsKng materialiapmnpe d into the amwlar region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the diBplacement of the hardenable fluidic eealing material while not 
oreating h^ oum^^ drcalating pressures such that drc^ 
that could cause the weUbore to ooUap&e. The optimum pressures and flow rates 
5 are preferab^ determined using conventional empirical methods. 

The hardenable fluidic sealing material may oraiprise any number of 
f q i \if w n HqifMt| <iwg«fin«iwr4iiliy available hardenable AmMm^ i M»lt«g p^f^ tff p*^** such as, 
for OTamplei dag mtr, cement or cpoi^. In a pieAuied embodiment} the 
banlenable fhild^ff f i>it«g material compriaeB bi ffn dfd cements designed 
10 ^perifknHy fbr fhe wdl section beipg lined available ttom HaUiborton Energy 
Senrioea in Dallas, TX in order to optimal^ provide support Cor tl^ 
membv while also "myitif^inttur optimal flow ebaractefiBtica so aa to minimize 
operatioDal ^Mnwiitff jff during the displaceniBnt of the cement in the Mtt^iiar 

region, r^^wn^m ^s^ywipnaitifm nf ilift hlfndftd flMnfliBfai isppgfarAly dafcgpmltiAd 

15 using oanventioiialemidriealmetbods. 

The ammlar region preferably is fiDed with the hardenable fluidic aealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new aection of the wd^ 
filled with hardenable materials 

20 Once the annular region has been adecpmtely filled with hardoiablefhii^ 
sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidic^ isolating the interior region 
966 of the tubular member 902 flromtiie external anmilar region. Inapreferred 
embodiment, anon hsxdosble fhndic material is then pmx4)ed into the interior 

25 region 966 causing the faiterior region 966 to pressurize. Jn a partieolar^y 

f fti i f mA mmUnMnumt tha phig nap Amrt flTA, nr nthar rimliM- degjg^ ppafflrsMy ifl 

faktroduoed into tlie fhidd psssage 962 by intnidudng the |dug or da^ 
similar device into the mm hardenable fluidie materisl. In this manner, the 
amount of cured material within the interior of the tubular mem^^ 
30 isminhmzed. 

Once the interior region 966 beoonies suCfidentfy pressurized, the tu^^ 
members 902 and 915 are extruded offofthe mandrel 906. The mandrel 906 nuQr 
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be fired or it may be wqwndihle. During the extnisionproeess^tbemandxcl 906 
is raised oat of the expanded portions of the tubolar members 

the support member 904. Doringthisextniskmprocess, the shoe 908 ispreferab^y 
substantiaUy stationaiy . 
6 Tlie phig or dart 874 is preferab^ placed into the fluid passage 962 by 

intEoducmgth0plagordart974lntotfaafluilpaasage 

a conventional manner. The ptag or dart 974 nuQr comprise any number of 
conventinnal cannPBtt^alOy kvMsMa Atmnrmm fnr pH^ g gfi^ r»*??a p* 'q^r** flg, 
for example, Multiple S t age Cementer (JUSCi latdhdown phg. Omega latch-down 
10 plttgOTthree-wqierlatGhdownphigaodifiedfaiaoooidaneev^ 

thepreientdisdosare. Inaprdfamd embodiment, the phgor dart 974comprisea 
a MSG latch^im rfggavailahtoftom Haiiburtm Energy Serviam In nuiWuy tX 

After placement of the idog or dart 974 in the fhnd pasB^g^ 
hardenaUe Ihiidic niaterial ia pxefiarab^ panned to^ 
15 pressures and flow rates ranging fitomappzaimat^ 
3,000 gallonafoiin in order to optimal^eztrnde the ti^^ 
off of the mandrel 906. 

For iTpical tubular members 902 and 915, the eitruaon of the tubular 
members 902 and 915 oflTofthe expsTKhhte mandrel wOl begin wiien the pressure 
20 of the interior r^gUm 966 reaches q^pniziz^ lhaprefened 
embodiment^ the ertmwon of the tuholarmambgrs 902 ms^ aifi ftflrpf ft^ ttiyitiiyy ] 
906 beginfl when the pressure of the intote region 968 reaches i^Jproximatety 
i;200 to 8,500 pai with a flow rate (rf'about 40 to 1250 gallcmaAn^ 

During the estnisian process, the mandrel 906 may be raised out of the 
25 eipandad portiona the tubular membara 902 and 015 at rates ranging; for 
exanqd^ihmidboutOtoSft/aee. Inapreteredembodmient^duringtfae extrusion 
proeeas, the mandrd 906 is xaiaed out of the eqmded portions of the tubular 
members 902 and 916 at rates ranging ftom about 0 to 2 it/sec in order to 
optimally provide pulling qwed &st enou^ to permit efficient operation and 
SO permit ftaUeqwiaion of the tidmlarmembea 

hardenaUe fluidic sealing material; but not so fast that tfan^ acljusbnent of 
opmting parameters during operalion is preveoted. 
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When the v^V^ endpartioxi of the tubular member 915 is extruded ofiTof 
the maxidrdi 906, the outer BurfBce of the upper end portioac^ 
916 will prelerably contact the interior surface of the lower end portion of the 
eiistingcamigtofonnanlbiMtightoverl^n^^ Itie contact pressure of the 
5 overi.q)piDgjointiaayrangetforeiam^ 
a preferred emboHimmt, the contact pressure of the overiaiyin 
upper end of the tabular membar 915 and the 

pressure to activate the seaBiigmfmhfTO and provide grtia^ 
10 the tubular member9l5 and existing weDbore casing wiUca^ 
ciuupressivB loads* 

In a prrfer rBd rmhodtme nt^ the operating pressure and flow rate <tf the non 

hf Fd im ft M^ fltiMiff wytterial will ha mntrtdUMy ramped Awm when the mandrel 

906rea£3ieetheu|)perendpartionofthetiJbuIa^ Intfaismanner^the 
15 sadden rdease of pressoxe eaoaed hy the oomfdeta eztnisiosi of the tubular 
member 915 otf rfthe npandable mandrel 906 can be nrininriro d. In a piefe iied 
embodiment, the qperating pressure is reduced in a subatantialty linear fioahion 
frtmi 100% to about 10% during the ^ of the extrusion {m>ces8 begins 
the mandrel 906 baa approximately all but about the last 5 feet of the 

20 estrusion process.. 

In an alternative preferred embodbnoit, the operatiogpressure and/or flow 

rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
nuiterial are ooniroUed during all idiases of the operation of the appar^^ 
minimise ft hf*r^ . 

25 Atteniatbefytorinconibination^adiodcdbBorberispR 
menAer 904 in CTieg to ribaogb the shock caused by ti^ 

iatemative^y,crincombin«tkfn,amandrdcatdun^ 
above the siq)port member 904 in order to catdi or at least d e cd cr ate the™ 
906. 

30 Once the estrusion process is oonqdeted, the mandrel 906 is xen^^ 

theweObore. Inw p ' ^*' ''^ *"**'^'^"'^^ mlihmi^hMkMnFmttKrihmrmt^ 

mandrel 906, the Int^ri^ of the fluidk seal of the overlapping joint between the 
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iQiper portion of ibe tubular member 915 and the lower portion of the t^^^ 
easingifl tested udngetmventiotialmetbods. Ifthefliiidicaealoftheoverla]>ping 

joint between the iQper portion oftbe tubular menber 916 and the lower port^ 
dihe ezutmff eanag ia Botiibetaiyr'flian-the oncnred portion ofai^ of tfie 
5 harde&abfefinidksealiiigmateriaiwitlii&tfaeeipaiidfld 
then removed in a oasventional manner. The hardenabfeihildiecealuig material 
within the cmuikr region between the e^taaled tubular member 915 aiid the 
edstlDgcaainKand new aeetionorwdlbon is then allowed to em 

10 tfaeinterioroftheei9andedtabalariaeBaben9Q2aad916itt3iennmo«^ 
conventional mannarusingaooavBtttlanaldrinrtring, TfaereraltingnewBee^ 

of caaiog pteferab^ todndes the expanded tnbalar memfaen 902 and 915 and an 
outer annular Itgreg of eared har dmmW a flnMie wmiHng mmtmrlmL The bottom 

portion the appanrtos 900 omqajsing the dioe 908 nu7 then be removed bi^ 
15 drilling out the aboe 908 using conventional drilling methoda. 

In an al t e rn a ti ve embodiment, during the eztnuioo process it may be 

necMsaiy to remove the entire apparatus 900 from the interior oftheweDbore due 
to a malfl i nct ion. In this drraiin«tance, a conventional driB string is used to drill 
oat the interior sectians of the apparatoB 900 in Older to fiKiUtate the removal of 
20 tee r fm a inin g swrHww . fa a preferred emhodinwmt, the intetiorelemwita of the 
apparatus 900 are fabricated from materials such as, for example, cement and 

aluminum, that permit a conventitmal drill string to be employed to drill otit the 
interior conqNinentB. 

In particolar, in a praferxed embodinieDt» the mn^iosition of the interior 
25 aeetioBs of the mandrel 906 and shoe 908, inehidingoae or mon of the body of 
cement 982, the 988, the aeaUng daeve 942. the niver COM 
the bbricatormandrd 946, the lobricatardeeve 948^ fhe guide 950. the 
954, the bo<^y of cement 956, the sealing sleeve 068, and the ertenaion tube 960, 
are selected to pmnit at least aome of these componaita to be drilled ODft iiaing 
30 conventional drimngmethods and apparatus. In this manner, in the event of a 
maMbnction downhole, the apperataa 900 may be easi^ removed from the 
wellboreL 
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Referring now to FigB. 10a, 10b» 10c, 10d« lOe, lOf; and lOga method and 
spparabas for creating a tie-back liner in a wellbare iriD now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The first casing 1004 prBfeCT3)lyindudPs a tabular liner 1008 and a conent 
anmihisiOlO. The seeond casing 1006 prefenbly iachides a tubular li^ 
and a lOT U gn t p n^^^^f Ih a preferred embodiment»tbe second casing 1006 
is fbrmed by e^nnding a tidnxlsr member 8id>^^ 
referenee to Figs. l*9c or bdow with referenee to Figs, lla-ltt 
10 In a particulariiy pirBfeii ed embodiment, an upper portion of the tubular 
Hner 1012 overliifiswillia lower porOon of t^ Inaperticnlar^ 
p T ^i .>nTlf fimW^*"*^^ iif> >mt^iiiirffti» of thanppar portion of the tri^^ 
1012 includes one or more sealing members 1016 for providing a fluidie seal 
between the tubular liners 1008 and 1012. 
16 Be&rting to Fig. 10b, in order to create a tie4)ai^liner that extend 

the overlap between the first and second casings, 1004 and 1006, an qyparatns 
1100 is preferably provided that indudes an eipandable mandrel or pig 1105, a 
tubular member 1110, a ahoe 1116, one or more cap seals 1120, a fiuid passsge 
1130, a fhiid passage 1136, one or more fluid passages 1140, seals 1146, and a 
20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
omtroUably expand m a radial direction. The npandable mandrel 1105 may 
comprise aiy number of conventional commercialbraOTilaMB fr^^ 
25 modified inaccordance with the teadungsofthepreaen t dlBdosnre. Inapreferred 
yrp V^ifWimt ^ fiw^nAtMm tnmArtA 1 1 0fS flftmprigfeft a hydrmlic expansion tool 
y ,w«„H^iiy mm AlmA,^ in U A Pat. No. S^flSS. the disdosure of whicfa is 
incorp o r a ted herein by referwice, modified in accordance with the t ea c hings 

present disdosure. 
SO The tubular member mo is coupled to and supported by tlm w 

mandrel 1105. Tlie tubular mBgd)er 1105 is expanded in the radial direction and 
extruded offof^ expandable mandrel 1105. The tubular member 1110 may be 
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fabricated firom any nnmber of matarials mA as, for example. Oilfield Countzy 
Tubular Goods, 18 dttomimn tnhingorplarttep^iiiig. iDaprafisiradembodiineat, 
the tabnlar member 1110 is fiihriratert ftmn QOfiaM Cmmtry T ViiwiW 

Tl>e iimer and outer diainetsn of the tubtilar mend)^ 
6 e«am^fhmi a pp« iKiii iate^0.7Stn^7 liMA««f»^ 

b aprefenedoBbodiiiien^ the inner andooterdiameten 
1110 tange fiom aboDtSto 15J> inches andS^ to 16 ladiefl^xeqiee^ 
too|)timaUyjrovidecoTBragBto^n»iral^ "Hie tubular member 

1110 prefiaal^jr eompriBea a aidid member. 

10 In a preferTBdembodimeDt, the tqiper end portion of the tabular member 
1110 is slotted, perforated, or othondae modifiBd to eatcb or sbm down the 
mandrel 1106 lAen it ocmqrietea the eoiton^oftiibDlar member mo. In a 
prefeoed embodiment, ^ length of the tabular member 1110 is to 
minimise thepoflslbilityofbucUiiig. For typical tubalarmember 1110 materials, 

15 thelengthoftbetabalarmemberlUOispvefiairab^Ihnitedtobetweenab^ 
to 20.000 feet in length. 

Hie shoe 1U5 is coiqded to the expandable mandtd 1106 and the tubular 
number 1110. Hie shoe llieindudes the flnid passage 11S6. The shoe 1116 may 
concise aqjr number of conventional oommerdaUjr available shoes such as, for 

20 example. Super Seainfktatsho^SiqmSeainDown^et float shoe orag^ 
with a aealfa« deevv fiv a latdi dinm plog Budifiad in aeoordanee ^rith the 
teadiingBofthepnaeDtdiadoaaxe. InapEdigR«deaibodiment,tfaeahoe 1116 
cQmprisesan alnmininn down-^B"**"*^"'*^ ■ -►■""g tli t m trfarii Intch doim 
irfug with side ports radiatfaig off of the exit flow pMl available &omHamburtm 

25 EnerEyServk» in Dallas, TX, modified fa accordance with the tB^^ 

praaant diadoaoreb ia order to optinml^ gnide the tobolar mamber U 
«rBdybetwwentiidtabqlara«miberllOOandthaearfiigioig,#yM^ 
isolate the interior of the tabular member 1100 after the latch <k.wn plug has 
seated, and optimalibr permit drilling oat of tlm dm ms after omidetfam of the 

lnaprBfieCTed«mbo<fimaritrthadifMTiiKhw^n^(HM^^yin^^ ri^^ 
ports 1140 in fl ni rt t r roirmmnicHtion irith the fhiid passage 1185. Inthismanner, 
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the shoe 1116 iAiects haxtteiidi>le ihiidie seaU^ 

■hoe 1115 and tubular member 1110. In a prelmed embodiment, tbeahoe 1115 
faclpdes one or more of the fluid passages 1 140 each having an inlet geamehry that 
can receive a dart and/or a baDsealiz^ member. Tw thin mwwy»r ^ thg fhi H p»??ftg pg 
5 1140canbeBBaIedoS^hymtrodttcingaphlg»dartand^rban8ealI^ 
the fluid passage 1130. 

Tbe ciq> seal 1120 is ocnipled to and 8CQipartedbjtt» soppcnrt 
Tim oqi seal 1120 prevents foreign matariab fr^ 

the tuhdarmember 1110 adjacent to the eq>andab]em^^ Ibeaqiseal 
10 1120 may comprise apynmnber of conventkmaloomxnerdaUy 
such aa, fisr oanq^'TP aq^^ 

accordance witti the teachings of the present d isdosn r e> In a prafari e d 
embodiment, tbe 09 seal 1 120 oos^nisea a SIP cap^ available from HaUibnrton 
Energy Services in Dallas» TX in order to optimal^ provide a barr^ 

16 contain a bo4y of hibrkant. 

The fluid passage IISO permits fluidic materials to be tr&nqx>rted to and 
from the interior r^on of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. Tbe fluid passage 1130 

20 pxBferabfy extends £rom a position a4iacent to the surfiace to tbe bottom of the 
ejQMuidable mandrel 1105. The fluid passage 1130 is prefisrably positioned along 
a centexiineofthe apparatus 1100. The fluid passage 1130 is preferab^ selected 
to tran^rt materials such as cement, drilling nmdinrepoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUonstainute and 0 to 9»000 psi in 0^ 

26 to optimally provide soWripnt operating pressures to circulate fluids at 
qperationaniy efficient rates. 

Theflnid passage llSSpermttsflnidicinateTialstobetranamlttedfromflnld 
passage 1130 to the intericur of the tubular member 1110 bdow the mandrel 1105. 
Tim fluid passages 1140 permits fluidic materiala to be transported to and 

30 from the re^^on exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are cockled to and positioned within tbe shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 



-46- 



fgpaiidablft mandrel 1106. Tlie fluid passages U40 prefezab^ have a ctoss- 
sectionalahapethatpeniutsaplug^arotto 

passages 1140 to thereby block fiirther passage fluidie w'ftfri filff In this 
manner, the interior region of the tubidar member 1 110 below the expandable 
5 mandid 1105 can be fluidicly isolatsd fiom the region exterior to the tubular 
member 1106* TUspernUtstheiiitaciQrregioaof the tubular 
the eipandaUe mandrel llOB to be prssBuiised. 

niefluidpassagea i ^lftlll^pfrffl^]^y^K^ftt^ffnt^ aln(ngtiw>p<M4pKaiy th^ 
shoelllB. 11iefhiidpaaBaBBsU40 are prefoahbrsdected to convey niaterials 

10 such as cement^ drilling tmid or epoiies at flow tetee and 

about 0 to S«000 gaDonaAnimite and 0 to O^OOOpattootder to optfanaQ^ fill the 
annular repon between the tutelar member UlOaM the tubular]^ 
fluidie materials, b a preferred embodiment, the fluid passages 1140 inchide an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

16 manner, the fluid passages 1140 can be sealed off by introdudng a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the a^iparatus 1100 indndesaphirali^of fluid passsge 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 that is adiqpted to receive a ph^^ 

ao or other similar device, to permit the interlarre^on of the tabular mem^ 
to be fluidie^ isolated fl»m the eiterkr of the tubobr ms^^ 

The aeals U46 are ooiqiled to and sqvorted by a lower end port^ 
tubular member 1110. The aeab 1145 are fiirtherposittoned on an outer aurihoe 
ofthelowerendportionofthe tubular member 1110. The seals 1145 permit the 

25 ovttiaoDingioint between As upper and pHrtiim rf i-i^ inig ty^ i^um^ 

endportionof the tubular member IllOtobeflni&^BBaled. 

The seals 1146 may comprise azqr immber of commtional comm 
available essb such as, for exanqple^ leed, rubber, Teflou or flpQoy se^ 
in acoordanoe with the teanhtngs of the present disdosoxe. In a profaned 
30 embodiinent,th es ealsU45coxnprisesealsmoldedltamiS^ 
fhmi Halliburton E^ieargy Servioss in DaD^ 
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l^ydraulkfieelintfaAOVBrlcqppingjo^^ 

to withgtand the range of typical tengile and com^ 

In apreferred emhodinmnt, the BRala 1145 are aelected to optiniaUy provide 

asttfBcignifrictbnalfoicetosapportthecBpandri 
5 tubular liner 1008. Ina pr c fen e d end)odmeat, tofridio^ 

aeala 1145 ranges from about 1,000 to 1,000,000 M in tension and oompreaaon in 

order to optimally support the expanded tobcdar Tuember 1110. 

The fiiqqport member 1150 is coupled to the expandable mandid 1105, 

tubular member 1110, dioe 1115, and seal 1120. The siqiport member 1150 
10 poreferably comprises an annular member faandngn 

apparatas 1100 into''t3ie wd]borB 1000. &i a prefisrred embodiment, the aiq^iort 

member 1150 ftirtber indndes one or more conventional centrahxen (not 

iUustratodJ to he^ stobifixe the tubular member 1110. 

In apreferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular regimi above fbe eipandabk mandrel 1105 wxttun the interior of ttie 

tubular member 1110. In tfaismannerttbeeKtrusion of the tubular member 1110 

off of the ffrrffTii^*My mandrel 1105 is findlitated. The lubricant 1150 may 

ora^l^ise a^7 number of oonventional oommerdaOb^ 

fig example, labriplate^dilorinehaaed hibricantsor Ohnax 1500 Antiaeixe (8100). 

(3100) availAle from CUmax Lubricants and Equipment Co. in Hoii Bton, TX in 
order to qptimaify provide hibrication for the extniaionp 

prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introdiictkpof foreignmaterial into the lyparatns 1100 ismininiixed 
nils ^t%tiT%i«»* the posaibility of fordgn mstarial clogiB^ ^ various flow 
passages and valves oft2» apparatus 1100 and to ensure that no foreign material 
interferes with the expenriom mandrel 1105 during the extrusion proofs. 

In a particularly p r ef eiied embodimmt, the ^vparatus 1100 includes a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fhiididyiso 
ther^ionofthewellbore 1000 beloir the siqpaxattua 1100. In this manner, Ifaiidie 

rrrftWfftlff fnrm^^tm^ from enterfngthft i-egiim of tha ^trflhora 1000 brfow the 
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apparatus 1100. The packer 1155 may comprise aoy number of oonventiona] 
ccmunerdally avaflaUe packers eoeh aa^ for eramplei EZ Drill Packer^ EZ SV 
Packer or a driUable cement xetainer. In a prefiened tbe packer 

1 165 eomprisea an EZ Dxffl Pecker availaUe 
5 DallaBilZ. In an alterpative embodiment^ a In^ gri itrength |all may be set 
betow the tie-backmplaoeoftbepacker 1155. IhaiiotfaGralteriiativeeinbodiinflnt, 
the packer 1165 may be omitted. 

In a preferred embodiment, bejfore or after poflBito 
within the wdlboie UOO, aeoiq>le of irdlbcm vohm^ 
10 ensore that no fbrogn materials axe located within the ive^ 
dog \q> the varioasfk>wpaaBagea and valves of tiie ap p a^ 

that no fmeign material intarferenigith tha ttpt>raHnn nf tf»» i»»jMmft^ mimdrri 
1105. 

Aflflhistretedin Fig 10^^ «hin^mftM«fliiiMwaiiftliTigww^t?rifl1 llgQiflthen 
15 pun4)ed from a Sluiaoe location into the fliii^ The material 1160 

then passes from the fhlid passage 1130 into the interior region of the tubular 
memberlllObelowthee]q)andable mandrel 1105. The material 1160 then passes 
frcmi the interior region of the tabular member 1110 into the fhlid pass 
The material 1160 then exits the apparatoa 1100 and fiUa the ammlar region 
20 between the esdexior of the tubular member 1110 and the interior waUtf 
tabular liner 1008. Contimiedpungingoftha material 1160 qmaee the material 
1160 to £D1 iq> at least a portion of the annular r^ion. 

TBie material llflO my h^pimip^ fnto *>»ft"if»^>ft T*^^n fltprysmiTCTand 

flow rates ranghig» for ezanqde^ ftom ebout 0 to 5,000 psi and 0 to 1«500 

25 flallonatoin. i e ajp e i!ilvtt ^y, InAfin&rr^mmhtiilhnmn^ 

into the annular region at pressures and flow rates ipedfical^ designed fbr the 
casing sizes being run, the annular spaces being filled, the punqdngequqnnent 
available, and the propert i es of the ftaidbemg pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenaMe fhiidir seslmg material 1160 may comprise any nnmber of 

conventional commfflneially availahle hgAmAlA fhfiAi^ "^y^^g matgriah rocfa ns, 
for example, slag mix, cement or epoxy. In a prefened ^Kfwi;^«t» the 
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hardenable Ouidic sealing material 1160 eomprises blended eementeq)edfieal^ 
designed fiDr well section being tied-badc, available from HalUbarton Energy 
Services in Dallas, IX in Older to optima^y i»novid^ 

member 1110 while mnSi^»jfnwp optunum flow characteristics so as to minimlTe 
5 ^TpfTi>ti9"<»^ iliffimltf iHs Anrmg th^ itii ylftiymmt of cement in the annnlar region. 
The optimum blend of the blended cements are preferabfy determined using 
cottvdxtiooal ^1 ff jpf ^^ ^^^ ^Actbods* 

The annular region magr be filled with the material 1160 in sufBdent 
^•wHHiia tft gmiMTft th^t, upon radial expanaon of the tubular member 1110, the 
10 annular region will be filled with material 1160> 

AaflhuttatedinFig. l /m^*Ka«wi^iil«y^^»pnn hapw aAwpiAtriy fillpd 

with inatBrialll60» one or more phigs 1165, or other nmilar devices^ prefinabltf 
axe introduced into the fluid passages 1 140 therebgr fiuididy isolating the interior 
regionof the tabular member 1110 firom the annular region ezteti^ 
15 mcmbor 1110- In aprf ffrrH inrhA^™*"^ * huTriimAMfenntdiemfttBrial 1161 
is then pumped into the interior re^on of the tobolar member 1110 below the 
mandrel 1105 causixigthe interior regiontopreasurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardpnahlo fluidic 
20 myt^'^^ In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimlged. 

As illnstrated hi Fig. lOe, once the interior r^iion becomes sufSdenUy 
pmmmifii. t^* taihnlar mganber 1110 ia ffrtniHfld off of the egpendahte mandrel 
1105. Ihndng the otruaon process, the expandable mandrel 1105 is raised out of 
25 the expanded portion ofthe tubular member 1110. 

The phage 1165 are preferaihiy placed into the fluid peasages 1140 Iqr 
introdudng ttie idugs 1165 into the fluid passage IISO at a surfim location b 
convantional manner. The phigs 1165 may conqpriaeanynumber of conventional 
OQmmerdal](y available devices from iduggingafluidp 
30 brass balla,phigs, rubber balla, or darts modified in accordance with tto 
of the present disclosure. 
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In a preferred «mbodmient» the plugs 1165 comprise low density robber 
balls. In an ateniattro embocfimCTit^ for a ahoe HQS htn/ing a cominon central 
inlet passage, the phigB U65 craipriM a aingte 1^ 

After placement of the pbpi 1165 in the fluid passages 1140, the non 
6 hHTdenaWft fluidic material 1161 ia preferabjy jmopei into the interior region of 
the tabular member 1110 bebvr the mandrel 1105 at pressures and fbw rates 

rangfaigfnmi approodmate^ 600 to 9,000 pri and 40 to 

In aprefened emhodrmmt^ after placement of the plnga llfiS in fhfl f hti^ pn^p pp 

1140, the nan harJenaUe fhddie material 1161 is psefietablj pampeA into the 

10 interior r^ionc^the tabular member mo bekm^ the mandiri 1105 at 

and flow rates ranging from ai^nraximatdtr UOO to 8500 pei and 40 to 1260 
gallonafaiin in order to optimal^ profvide g»tmalm ^(ypjral titKnliirg 

For typical tubular members 1110, the ffitmriCTi of the tubalar member 
1110 off of the expandable mandxd 1105 wiU b^^ when the pressure of the 

15 interior r^ionofthe tubalar meiDber 1110 below tiiemandrd 

example, approximate^ 1200 to 8500 psL In a preferred anbodiment» the 
extrusion of the tubular member 1110 off of the e^iandable mandrel 1105 begins 
when the pressure of the interior regicm of the tubular member 1110 below the 
mandrd 1105 reaches ^iproamate^ 1200 to 8500 psL 

20 I>iuingfim extrusion process fba expandable mandrd 

out of the eipa nde d portioii of the tabular member 1110 at rates ranging, for 
exampb ,ftamabottt0to5IMwc, Ina pr B feii e J embodnnent,duriDgthe extrusion 
process, the expandahle mmidrel 1105 is raimd out of tiie e^>anded portion of the 
tubulsrmend^er 1110 at rates zaQ^fhmiabout0tD2 

25 provide permit a^pistment of operatianal parameters,^ 

the extnision process wiU be compbtad before the material U60cure& 

In a prefigrred irmhodiment at least aportkm IMP af thu tntmiAr wi^ nVn. 
1110 has an inter n a l dia m e t e r less than the outride diiiinetgpftftha wnnr^A^ } iio5. 
In t hlBTnanner , ^len the mandrel 1105 expands the section 1180 of the tabular 

30 member 1110, at least a portion oftheeoqnnded section 1180 effects a se^ 
at least the wellborecasingl012« lnapartico]ar|ypceftnedembodmient.the6eal 
is effected by compressmg the scab 1016 between the eqMmded section U80 and 
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the weObore casing 1012. In a preferred embodiment, the contact pressu^ 
joint between the expanded section 11«> of the tobulsr member 1110 and Oe 
^wng 1012 ranges from about 500 to 10,000 pd in order to optianaliy provide 
preflsuxe to activate ihe sealing members 1145 and pnyvide 0^ 
5 ensure that the joint will withstand typical extremes of tenaile and compressive 

In an altemative prrfisrred embodiment, substsntlallgr att of the entire 
lengOi of the tubular member 1110 has an internal diameter less t^ 
iliameterofthe mandrel 1105. In this manner, extrusion of the tubular meniber 
10 1110 hr the mandcd 1106 results in contact between substantial^ all of the 
emended tubular msoalber 1110 and the eadsting ea^ 1008. In a prafierred 
embodiment, the contact pMssurerf the joint between the expanded tub^ 
member 1110 and the casingB 1008 and 1012 ranges from slKmt 600 to 
hi otd« to optimaUf provide pressure to activate the seeing 
15 pnrride qpfr^fltl mpf*^*"** ^ ^mmTi* that tha joint will withstand typical extremes 
of tensile and co mp resrive loads. 

In a preferred embodfaa«at, the q>erating pressure and flow rate of the 
material 1161 is controilably ranqied down whoi the expandable mandrel 1106 
reaches the end porticmofthe tubular member lUO. In this manner, the 
20 ndden release of pressure caused by tiie conq>Iete extmaicm of the tobulsr 
messber 1110 of the eipendshle mandrel 1105 can be Tninhnirrf In a 
preened embodiment, the operating pressure of the Onidic material 1161 is 
reduced in a substantially linear fitfbion fhmi 100% to about IM 
of the extrusion process beginning when the mandrel 1105 has completed 

Altenialive^,orincombhmtion, adioAabsoEber isp^^ 
member 1150 in older to absorb the Omk caused by the sudden release of 
pressure. 

Alternativdyi or m combinatioen, a mandrd eatehiiig etru 
30 m the upper end potion ofthe tubular member 1110 in order to catch o^ 
decelerate the mandrel 1 105. 
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Beferruig to Fig. lOt, onoe the extrusion process is completed, the 
ftipiTiiiflMe mandrel 1105 is removed from tiie weDbore 1000. In a piefeixed 

embodimmt^ either hafara or after tiia mrnnwal tfi^ •rypa^^i^l^lft mjit^^iT ^] 1105, 

the int^rity of the flnidie seal of the joint betiveen tiie upper portion of the 
5 tubolarmember lllOandtheiipperpartiaDof Use t^ 
iiamg conventional methods. If fhe flnidie seal of the joiat between the i^per 
portion of the tofaiilar mandier 1110 and the upper p(«^ 
1008 ia aatifllhctOEy, thai the mieuied partion of Oe material IIGO within the 
qp a nd ed tobnlar member 1110 Js thenienioved in a conventional manner. The 
10 matCTial 1160 wiflifai the anmilar region between the tu^^ 
the tubular finer 1008 is Oen allowed to emre. 

As ilhlgtnttod m PigL IPf, pw^wh^ Aty rmmm^^nj^ ^TTlj Tlttttfrifll 1160 

within the interior of the cEspended tubular member 1110 fa then removed in a 

convent ionftl niflTiner usinga conventional driP string Iberesoltingtie-ba^Iiner 
15 of casing 1170 incfaides the mrwnded tnbnlar nmmher 1110 end m nntur umi^li^r 

layer 1176 of cured material 1160. 

As iUustrated in Fig. lOg, the rfmiaining bottom portion of the apparatus 

1100 comprising the shoe 1116 and packer 1155 is then preferabfy removed by 

driHipg out the shoe 1115 smd psAer 11« pjpng gmw wntinnnl ^iitwg m^^yda 
20 In a particularly preftrred embodirnent^ the igpagataa 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf^ an embodiment of an ^aparatns and method 

fohangiiqra tubular Ihieroffof an eodstingwdlboreeBafaigwffl 

As iUnstrsted in Kg. 11a, a wellboce 1200 is poailnmed m a subterranean 
25 formation 1205. TheweIIborel200indi^aneadsti2«caaed8ectionm0havi^ 

a tubular eafling 1215 and an annttlar outer lajer of cement 1220* 

In order to extend the wdlbore 1200 faito the subterranean formation 1205, 

a driU string 1226 is used in a weU Imown manzier to drin out material fh^ 

subterranean formation 1205 to finrnauMr eection 1280. 
30 AsilhistratedfaiFig.llb,anaimaratnal300fefa^^ 

in a subterranean fi)rmatlon is then positioned in the new section 12S0 of the 

wellborelOO. Tbe aoperatus 1300 nrefarf^v inrfniiiHi m t^fwj^^M^ ^^^Aj^\ 
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pig 1305, atubular member 1310, aahoe 1315, a fluid passsge 1320, a fluid passage 
1330, a fluid passage 1336, seab 1340, a siqppori member 1345, and a w^ierphig 

1350. 

Hie ^>wjMnAmMt^ mandrel 1305 is coined to and sapported by siqiport 
5 member 1345. Tlieeipandabte mandrd 1305 ispreferablly ads 
eaqpand in a radial directicm. The erpandable mandrel 1305 may conqviae aay 
number of cftnv f***^9ifw1 ^y^^'^y triftlly avrihiiMg fapaiM^M^ ***^^^e l a ^o^ ifiiwi in 
aooordanoe with fhe teafihingB of the present disdoanxe. In a prefierred 
embodiment* the eapandable mandrd 1305 oompriaeaalvdrvuUeeipanaion tool 
10 aid)atantiaI^a8diaeioaedfaiUAP^ No. 5,348,095, the diado^ 
inc or por at ed herein ty reference, modified in accordance wiHitl^ 
present diadoaure. 

The tubular member IS 10 is cockled to and supported l^y the eq)andable 
mandrel 1305. The tubular member 1310 is preferabfy expanded in the radial 
15 direction and eitmded off of the erpanrtable mandrel 1305. The tubular member 
1310 nuQr be Obricated from any number of materials such aa, for example, QOfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/oaang or plastic 
casix^. In a preferred embodiznent,tiie tubular member 1310 is fabrica^ 
OCTG. TheinnerandouterdiametersoftfaetubuIarmemberlSlOm^yrax^ 

20 *wrfwnp1rt IWim mjiprmiwn^^Mlj 0 715 tn 47 meht^ and 1 OS to 4fl IpAm, regpectiva^. 

1310 range from about 3 to 15.5 indies and 3.5 to 16 incfaea, req)ectiv^ in ocdn 
wdlboredzes. 

25 In a preferred embodiment, the tubular member 1310 includes an u^per 
portion 1355, an intennedlate portion 1360, and a lower pcvtion 1865. In a 
prefistredendiodiment, the waUfludoieas and outer dian^ 
1356 of the tubular member 1310 range from about 3/B to 1% inchea and 8 % to 
16 indies, reqMctivdy. In a preferred embodiineiit, the wall thidmeas and out» 

30 diameteroftheintermed]ateportionl360ofthetubnlarmemberl3U 

about 0.625 to 0.75 indies and 3 to 19 indies, r espect! v dy. In a preferred 
embodiment, the wall thictaietw and outer diameter of the lower portion 1365 of 
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the tubular niember ISIO rangB ftom abaat 8^ to 1 J 
respective^. 

Jn a particolarfy prdbrnd embodment^ the wall ♦^kkriftOT of the 
intennediate eeetian ^60 of the tulmlar meiid)^ 
5 wall thirknes«.of the UBper and lower aectfama, 1855 and 1365, of the tubular 

and Qptunally pennit the itocmrnt of the ^BI«»faM in areaa ofifae wdlbore 
having ti^it clearanoea* 

The tabular member 1310 prefiaorabfy compriaes a aoUd member. In a 

10 preferred emhodimmt, the upper end portion 1865 of the tubular member 1810 
is alottedt perforated, or otherwiae modified to eatdi or dow down the mandrel 
1S05 when it eompleteetimeztnision of tubular member 1310. lua piefeiro d 
embodiment, the length of the tubular member 1810 is limited to m4T^<i>n<^ the 
poesibiliiy of buckling. For 1gnp>cai tubular member 1810 materials, the lezigth of 

16 the tubular monber 1810 is preferabl7ltmited to between ab^ 
in length. 

The shoe 1816 is ooupled to the tubular member 1810. The shoe 1815 
preferably indndes fluid peaaagBB 1830 and 1385. Hie dioe 1815 meyoompriae 
aqy nmnber of conventional commercial^ available shoes sndi as, for ^^wtpi^ 
20 Super Seal n fleet ehoe^ Super SedUDowikJetiloat shoe guide 
sealing aleeve ibr alatdi^lowB plug modified In accos^^ 
the present diadosure. In a prefixed emibodiment, the ahoe 1815 conqnises an 
ahnxiinum down-jet guide dioe withe sealingdeeve&^ 

from HaBibtirton Encrfy Smrvuatm in TMlam^ TO mtnAmmA fai «ivvTHfmff with the 
25 teachingsofthepreaentdiaclosure^inordertooptnnaltyguidethetubn^ 

1810 into the wdlbore 1200. ootimaqv fluidte^iaolaia tiia interior th» tiiKwlai^ 
member 1810, and optimal^ pennit the complete drill out of the shoe 1816 iqxm 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the ahoe 1815 further indudes one or more side 
30 outletportsinfhiidiccQmTniinTrationwithttefhiidpaMa^ Tn feltiamttntiAr 
the shoe 1815 prefera^y iqfoda hardetrnthU flnMir «>aTHgimittf rinl faito the rc^on 
outside the dwe 1816 and tubular member 1810* Inapiefenedembodimentpthe 
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shoe 1315 it^i»hH**ft the fluid passage 1330 having an inlet geometzy that ean 
receive a finidie sealing member. In this manner, the fhdd passage 1330 ean be 
sealed off bj introducing a plng^ dart and/or ball sealing danenta into the fioid 
passage 1830. 

6 The ihiid passage 1320 pennitsflnidic materials to be transp^^ 
from the interior i90on at the tubular member 1310 below the wpandable 
mandrel 1305. The fluid passsge 1320 is coupled to and positiGned within the 
giqipartmeniber 1846 and the equndableman^ The fluid passage 1320 
piE«&rah^ extends frrai a porition a4jaomt to the aui&oe to the botl^ 

10 tt^andabkmandtdlSOS. TbsflnidpassagBlSEOispreb^^ 

a centeriineofihe apparatus 1300. The fluid passage 1320 Is prefivabfyadeeted 
to transport materials such as fi gm gnt, drQHng mud* or qposiee at flour rates and 
pcessoiesrangingfitmi aboutO to 8,000 ganfmBftn^™*^**"^ ^ to 9.000 pai in order 
to optimally provide suflBdent operating pressures to circulate fluids at 

The fluid passsge 1330 permits fluidic wiytprinift to be transported to and 
frmntheiegionexteriortothetabularmember 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positkmed within the shoe 1315 in fluidic 
oommunkation with the interior r^ion 1370 of the tubular member 1310 below 

20 the mandrd 1305. The fluid passage 1330 prefmbly has a cross- 

sectional diqpe that pennila a plug, or other similar device, to 
pn«aig » i,^^n tothei^bliackfbrtherpaasafeofflnidicTOatmal^ In tlua manner, 
the interior region 1370 of the tubular memba* 1310 bdow the egpandahle 
mandrd 1305 can be fluididy isolated from the region exterior to the tubular 

25 member 1310. lUs permits the interior regimi 1370 of the tubular member m 
below the expandable mandrd 1805 to be pressurized. The fluid passage 1330 is 
prdfaraUy portioned substantially along the oentedine of ^ 

The fluid passage 1330 is prefierab^ selected to convey mHtCTials sudi as 
eemnt» drfllingmnd or epoxies at flow rates and pressnree rangi^ 

30 to 8»000gaIlonaMButo and 0 to 9,000 pd to order to optimal^ 

rcgiop^^Ptwrr^ »>.^*»Wni.^iii^ifi>im> lam iwi thuMw^^gtifiit IMO af thawdlbore 
1200 with flttidie materials. In a preferied embodiment, the fluid passage 1330 
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mclndes an inlet geometry that can receive a dart and/or a baO gAaiin^r xoember. 
In thin manner^ the fluid paaaage 1380 canbe aealad offhy mtrnAiejngm phig; A^r x 
and/or ball aealing elements into the flnid paasage 1320. 
The fluid passage 1335 petsnita ibidie materia 
6 from the region exterior to <he tubular inember Thefluid 
pasai«e IS35 ia coupled to and powitionad within the shoe 1316 in fluidic 
communication with the fluid paasace 1330. The fluid passage 1335 is preferably 
p o si t ion e d substantial^ along the centeriine of the ipparatua 1300, Hie fluid 
passage 1335 is prefierab^ selected to convqr materials audi u 
10 mud or eponaa at flow rstea and pmsoiw ran^og from about 0 to 8,000 
gHnonaftnimite and 0 to 9,000 psi in order to optimaQjr fin ttie annular icgkm 
between the tubular member 1310 and the new aectkm 1230 of the wdlbo^ 
with fluidic materials 

The seals 1340 are coiQ}led to azid supported by the iqjper end por^ 
16 of the tubular member 1310. The seals 1840 are ftoiher positioned on an outer 
fiur£Gu» of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overliving joint between the lower end portion of the casing 12 16 end 
the upper portion 1355 of the tubular member 1310 to be fhiidicfy sealed. The 
seals 1340 may conqgiae aiy mmahgr nf fl ftp v f !J t U l ? nfll ^'^wi^'^Tffllly flv y ^ lfV I** f^^l g 
20 such a^ for exanqile, lead, rubber. Tcfkm, or epoiyasala modi 

withthetenrhtngsofthepreswitdisdosure- In a preferxed embodiment, the aeals 
1340 compriae seals molded firom Strataloac epoczy available from Hallibtirton 
Energy Services in DaDaSpTX in oitler to optimally provide a hy^ 
annuhisoflheoverlqjpingjointwhile also areata^ 
26 to withstand Igiacaitenaife and eaBq^m8ivelo«d& 

In apgefenredemhoftimfflt, the seals 1840 are aelec^ 
asufBdentfrictionallbctetosiqiporttihee^pendedtQ^ 

existing casing 1216. biaprefeiTBd embodiment, thoiUdfanalfbtceprovUedlv 
the seals 1340 ranges fIrom about 1,000 to 1,000,000 Ibf in order to optimally 
80 8qQ)orttim expanded tubular number 1810. 

The support member 1345 is coupled to the mandrel 1305, 

tubular member 1310, shoe 1316, and aeala 1340, The support member 1346 
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preferabfy compriaes an membrr haying safRrient strength to carry the 

apparatus 1300 into the new sectkm 1230 of the weUbore 1200. In a preferred 
embodiment, the support member 1345 further incfaxdes one or more conventional 
centralixen (not ilhistrated) to help stabilize 
6 lnapre&Redembodiment,the8iq)portmemberl846i8t^ 
prior to aaaenb^ to the lemaining porttons of the apparatus 1300. In this 
mamier,theintrodnctionoffiB mgnimti^ 

nds *»^tTn{«« fhe posabOity of foreign material dogging the various flow 
pfifffffi gi.a •till ^hitm rf tha apparatofl 1300 and to ensure that no forrign m ate r ial 
10 faiteiferes with the expansion process. 

The wiper phig 1860 is coupled to the mandrd 1805 witfain the interior 
regbn 1370 ofthe tabular member 1810. The wiper plug 1350 indndea a fluid 
paange 1375 fiiat is eov^led to the fhjid passage 1320. The wq>erphxg 1350 may 
comprise one or more conventional commercial^ availaUe wiperphigs mxdiss, for 
15 example, Muhipk Stage Cementerlatch^downphigs, 

three*wiper tatch*down phig in aooordance with the t enrhings of the 

present disclosure. In a preferred embodiment, the wq)eridug 1350 conq;^^ 
Mult^>le Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX. modified in a conventional manner for releasable 
20 attachment to the eoqpanaion mandrel 1305. 

In a prrfmrd fftrh^ *ftar pcBitionfaiy the annaratus 1300 

within the new section 1230 of the wellboEre 1200, aooiq)le oTmUborevohimes are 
circulated to oider to ensure that no fordgn ma teri sb are located wiOun tlie 
wellbore 1200 that mi^t dog up the various flow passages and valves of the 
25 i^^Mtratua 1300 and to ensure that no foragn material inter&rea witti llie 
extrunon process. 

As flhistrated toFlg. lie, ahaidenablefluidir weaHngmaterial 1830 is then 
puxnped from a suzfooe location into the fluid passage 1820. The material 1380 
then passes from the fhiid passage 1320, througb the fluid paasage 1875, and toto 
SO the interior region 1870 of the tubular member 1310 bdoir the expendable 
mandrdl805. The material 1380 then passes from the interior re^n 1370 into 
the fluid passage 1330. The material 1380 then exits the aiqiaratua 1300 via the 
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fluid passage 1336 and fills the iwiTinlar legicm 1390 between the exterior of the 
tabnlariPflniber 1810 and the mt^^ 
1200. Ckmtfaiuadpuiiqiuiigoftbein^^ 
at least a portion of the ammlar regian 1390. 
5 The material 1380 may he panned into the ammlar region 1390 at 
pressnres and flow rates zBxqjiitg; to eanp^ 

1^00 gallcmffMifn, napocimlfy. In a preferred endbodbnent, the material 1380 is 
pinqied into the annular r^ion 1390 at pressures and flow rates ranging fimm 
aboatO to 6000 pri and 0 to 1,600 gaBonaMn^ i e a pec tlv e^^ 

10 fill tfiBTwmlOTrgfcggm Wwamt A^faiKwWiiMimW 1«in mii f li^^iKy ffft^'^ 1230 
ftf the wrflhrwrft IgQO with Am y^rArnnMrn fhiHir WfwMug inalgll Iwl 1100. 

The hftudmBble floidic wwlingmaterial 1880 may ocnmrise any number cf 
eonrontinnal cammanaaPy a»flflbl» hmtotsMa IhiMf e nfmllnfr fnii»^>] ff gpiji ^ 
for example, slag mix, cement or epoiy. hi a prefcoxed embodiment^ the 

15 hardenahle fluidic seeling material 1380 oompriaes blended cements designed 
specifically fbr the wall Begtion bring ^yfllfd tnd livailflMft from HflMmrton Energy 
Services in ord^ to optimaUy provide sui^rt for the tubular member 1310 during 
diq >l a cqmg ntrfthe material 1380 in the annular region 1390. The optimum blend 
of the (ymrnt is praforably ri AtawTwfp^ mring wnvwi tiiynal gwipiri^] piethods- 

20 The ammlar region 1390 preforah^ ia fiUed with the material 1380 in 
sufficient quantities to ensure tiud, upon radial eqwn 
mo, the annular region 1390 ofthe new section 1230 of tiiewell^ 
filled with material 1880. 

AsilhistnitedinFig. lldyOneefheanmilar repon 1390hasbeenadequa 
25 filled with material 1380, a wqier dart 1896, or other 

into the fluid passage 1820. lliew^dart 1895 is preferably pumped thnm^ the 
Ibiidpa88agal320b7anonhaxdend>fcfhiidkmateriall%^^ Thew^dsrtlS95 
then Inferably mgages the wiper plug 1360. 

As ilhistrated hi Ilg. Ue, m a pre&Ered embodinienty engagement o^ 
30 w^ dart 1395 with the wiper phig 1350 causes ttewqwphig 135^ 

firom the mandrel 1305. lliewiperdartl395andw^ph]gl3S0 then preferably 
wiU lodge in the fluid paasa^ 1330, therdi^ hloeldiig fhiid flo^ 



passage 1330. snd finididb^ ^oiiajj^ig the interior r^gSon 1370 of the tubular 
ni nqilw r 1 aiQ ftttm the snmilar legioii 1890. Inaprefen«deiiibodiment,ihen<m 
hazdexiable fluidic material 1381 is then pumped into the interior region 1370 
causizig the interior rqpon 1370 to pressurise. Qnoe the interior region 1370 

6 bffor?pg fnmi<^i ^ jKmtmixeA^ tha faihnlar member 1310 is extruded off of ttie 
e^MOidaUe mandrel 1305. During the crtruaimpnxsess, the eiipandableman^ 
1305 ia raised out of the eqwnded portion of the tidnilar 
support member 134S. 

me wqMr dart 1395 is prefieraUy placed into the fluid passaffs 1320 hy 

10 introdudng the dart 1896 into tiie fluid passage 1320 at a sttifimloca^ 
in a conventional manner. The wiper dart 1395 may comprise any number of 
omvmitionalcommflrdally amilabte devicesfiom 

for ezamvle. Multiple Stage Cementer latch-down idugs. Omega latch-down phigs 
or three wq)er latdv^wn plog^dart modified in accordance with t^ 
15 the presmt disclosure. Inaprefenred embodiment, the wqperdart 1395 omiprises 
a three wiper latdi-down plug modified to latch and seal in the MuU^ Stage 
Cementer latch down phig 1350. The three wiper latchniown plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1830 using the wi^ phig 1330 a^ 
20 dart 1896, the non hardenable fluidic material 1381 may be pnnqwd into the 
interior re^on 1370 at pressures and flow rates ranging, for esanqde, from 
approximate^ 0 to 6000 pai and 0 to 1,500 galTomtfrnh in order to <9limalfy 
extrude the tubular membtf 1310 off of the mandrel 1305. In Uiis manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 ISlOisminfaniied, 

In a preferred «ndk)dfanflnt» after bkxldngthe fluid paa^ 
hardenable finidic material 1381 is pr^eiaUy pumped into the faiterioar r^on 
1370 at pressures and flow rates ran^ng firom approximately 600 to 9,000 pri 
40 to 3,000 gallonfl/min in order to optimal^ provide operaliiig pressures to 
30 maintain the expansion process at rates suiBdent to pennita^ius^ 
m*ii* in npi»mtang |Sifttmfto s during the extniaion process. 



For l^pieal tubular memberB 1310, the ^^i^f^mmnn of ifae tubular member 
1310 off of the ffipandable mazidrel 1305 will begm wbm the pressure of the 

intiiriftr rt^m 1,170 rftfti^W^ far fwrawipla^ ^j ni »wiynyt^|y pffl fa 9 QOQ Xn a 

preferred embodiment^ flie estnuaoa of tibe tubular member 1310 off of tbe 
5 expandable mandrel 1305 is a fbactkm of the tubular meniber di^^ 
tUckneae of the tubiilar meinber, geome^ 

the compoaitioii of tbe ahoe and tubular member^, and tbe yield aferangA «f th» 

tubular member, llieoptimmnilowznte and operating pressures aie preferable 
detennined uaiiig eoiiventional eu^incal methods 
10 During the ffitrosinn process, the expandable mandr^ 1305 my be raised 
out of the er s pende d portion of tbe tubular member 1810 at rates ranging; tar 
eianqdfi,fiomaboutOto6flitee. Inaprsf0rfodembodiment,duxingtfaeextrn8iim 
iiroceaa,theerpandablemandiril30SmyhewtaBdo^ 

of the tubiilar mend>er 1810 at rates tanging fhm about 0 to 2 
16 optimal^ provide an effident process, optfanaI]y permit operator 

operation parametars, and ensure optimal oomidetion <tf the »fa^nm m proceaa 
before curing of tbe material 1380« 

When tbe upper end portion 1356 of the tubular member 1810 is ext^ 
off of the erpandable mandrrf 1805, the outer surface of the upper end portion 

20 1355 of the tubiilsr member 1810 wiU preferably contact the in 

lower end portion of the eamny 121S to form an fluid tight iwwrijtp pfi^ j^hit The 
contact preasure of tbe overiapping joint mey range, for ezanqde, flrom 
appnudmatdbr 50 to 20,000 psL In a imeftcredonbodiment, the contact pres^ 
of tbe overlapping jdnt ranges flrom appmdmatebr 400 to 10,000 pst in order to 

25 optimalhrmovidB contact preMnrB«iffirt<mtteflnmr*iiimm1i»i> ■oaiWig pn^^ prOTidp 

enou^ resistance to withstand typical tenaOe and comprenive loads. In a 

particularly preferred embodiment, the aaaling members 1840 win ensure an 

adequate fluidic and gaseous seal in the ororiqyplngjoi^ 

In a preferi^d embodiment, ttooper ati n g pressure and flow rate o^ 
30 hardenable fh iid i c T na teri al 1381 is oantrDllahhr ramped down wh^n tl»« ii*pmi<iihu 

mandrel 1305 reachea tbe upper end portion 1855 of tbe tidmlar 
In thia manner, the sodden releassef pr ea au recauaed by the conylete 
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of the tubular member 1310 offof the«q>aiidable aendrd 1305 canbe mmimixedL 
Jn a prefened embodfanent, flie opewting pttaam la reduced in a B ubstant i eny 
linear faahion fiom 100% to about 10% during the end of the extxuAon prooesa 
b^^inning when the mandrel 1305 has completed approximately all but about 5 
5 feetoftbeextnudonproceea. 

AltfTTIfltiTfly.ftrf^ fi^^Kitintiiwi « BhnAiihMnff^iftpravidflAin thegu|^^ 

member 1345 in order to abaozb the ahock cauaed hy the sudden release of 

pressure. 

jV|tff m!'*^^ yi ^ ftftm hi PI»t^<^^, ■ wmniinil eatrfiing atmcfcure ia prpyided 
10 in tiieiqpper end portion 1856 of the tubular mendierl^^ 
least decelerate the mandrel 1305. 

Once fr^ extrusion process is oonqdeted, the expendable mandrel 1305 is 
remavedftt»nthewellboiel200> Inapreferredfmhodhnmit^eithgrbeibreoraftcr 
the removal of the e]q)endable mandrel 1305, the int^rity of the fhi^ 
15 overlfi^ingjoxntbetweentheiqiperportionlSSSoftbetubul^ 

the lower portion of the easing 1215 is tested using conventional m et hods, Ifthe 
nuidic seal of the overli^ping joint between the upper portion 1355 of the tubular 
meiid)er mo and the lower portion of the casfaig m5 is sotisfiu^ 
uncuxed poriaon of the material 1380 within the aqnnded tnb^ 
20 istbffl mpwy vTdinaffm^f'** ^?^*"*"^ Th^mfttaeriel ISM wffflnii tha annular 
region 1390 ia tlifln allowed to cunt 

As Ohistcated In Fig. llf. preferably any remaining cured material. 1380 
within the interior of the f^r^i^'^ tubular member 1310 ia then removed in a 
TffmvPfitiftTfflp^ fnimTMwiiMT^gy f««wftTit^ftnfl) H^i^ ff^™g Hie resulting uew section 
25 «f i»a«STtg 1 dJM mgjp Aia the e^ianded tabular member 1810 and an outer annular 
h^ 1405 of cured material 305. The bottom portion of the apparatua 1300 
oompriangthedioe 1315m^ thenbezemovedby drillmgont 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation haabeen described that inchidesinstallingatnbularli^ 

in the borehole. Abody offhikUematmalisthenisjectedintotheborehole. The 
tabular liner is then radial^ expanded by ertniding the liner o 
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The iivectmg pre&rab^ indudes inj&eting a hanLmable fiuidic aealing material 
into an antmlar regum located between the bmhole and the exterior of the 
tubular linenandanoaharienahlftfhiirWrTnMter^ 

tabular liner below the mandrel The method prefierab^ indndes flnidic|^ 
5 isolating the annular region fiimi the interkn^regto 
quantify of the nan har dmmhl ft lealing material into the interior region. The 
jqiecting the hardeoable flnidk aealing material ia praferab^ provided at 
(qierBtingpresBiireaaiidfiowrateBrangingftomabo^ 
gaDonateim. TheiiQeethvorthenmihanleiiablefhiidki^^ 
10 pnmdedafcoperatiQgpreaBmreeandfknrsatesxia^^ 

and iO to 8>000 gwHoni^fa mfa^jecOigoftfae nan hardenableihzidic material 
ia preferably provided at reduixdqperatingpre eia^ 

portion of the esttudisff. The non hardenaUe fluidic material ie rrfffrrab^y 
i^^yected below ttm mandrel Pie method prefiBarablyinA^eapg^MPwi^iign rpgjftn 

15 ofthe tubular linear bdowthemandrd. Tberegionof the tubular liner below the 
mandrel 18 preferab^ preesurised to pressoree ranging fhmi about 500 to 
The method prefCTably inchTdeB fhudichr ieolatini^aninteriQrregion of the faiKiilAr 
liner &om an exterior region of the tubular hner. Tte method fixTther preferably 
indudes curing the hardenabte aealing material, and removing at 1^^ 

W ofthacoredaealingmatariallocatedwithinthetnbuto 
preferably inehidesovBriappingthatnbolg 
The method flirtfaer prafiacably indudes aealing 

Imer and the ezistmgwellbore casing. The method forther preferably indudes 
m^iporting the extruded tubular liner using the overiap with the ex^^ 
25 casing. The method ftirther preferably tododes testing Owint^rity of th^ 
Oe overlap betwem the tubular linsr and the esisting wellboze casing. The 
method ftirtherprBfted>brindudeai«m^^ 

fhiidicaealingmateridwithm the tubular ifaierbefo^ ^le method further 

preferabbr indudes lubricating the auriim of the maodnl The method fbrther 
30 preferably incfaides absorbing shodL The method flirther preferably includes 
catcfahig the mandrrf nprm th<i ftniiipli*^^^ ^the ^rrta ^ilwg 
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appazBtiis creating a casiiig in a boralu^ 
fimnation has been described that mdiides a sanxnt nieiDber» a mandrel, a 
tobnlar member, and a dxie. The supfxirt member inchides a first fluid passage. 
The mandiel is coniJadtotfae support memberandindu^ 

6 He tabular member is coupled to the mandrel l^e shoe is coi^ded to the tabular 
liny and iT*r^*^*^ * thirA ihiid pMBflga. The firsti second and third fluid passages 
are operably coupled. The support member pref eraMly ftnrtfaer includes a pressure 
leliefpasssgep and a flow oontn>lvalye coupled to the first fluid passage and the 
pressute relief passsge. The support memb^fbrtherpTefersblyindudea a riiock 

10 absraber. The sqpporttteaiber preferably inrhwles cms or m 

^fj^ \^j>mnmn%t4imAf^ wtMtm>r^ »} frnrfn fitaringMifaiterfflrr^oiicif thc tahpiar 
membtt. The mandrel is preferably eqwndable. The tubular member is 
preferably fabricated from materials selected fircm 

Country Tubular Goods, 13 chromium steel tubing^casing, and pla^ The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 faichesandS^ to 16 inches* re^>ectively. Hie tubular member preferably 
n plAfifeir> yiftM point ranging from about 40.000 to 135.000 psL Thetubular 
meniber preferably izichades one or more sealing members at an end portion. Hie 
tubular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably imhides a catching member at an end 
portion fir stowing down the mandrel TSie shoe prrfcrablyindudes an inlet port 
coupled to the third fluid passage^ the faikt port adapted to receive a phig fi>r 
blocking the inlet port. The shoe prefmbly is driUable. 

A method of joiidng a seooiid tubular mniher to a first tubular member 

25 first tubular member having an inner diameto' greater than an outer diameter 
the seoMid tubular member, has been described that indndes po ationing a 
mandrel witidn an interior re^on of the seoaaad tubular member, positioning the 
first and second tubular members in an overl8|q>ing rela^ 
portion of the interior region of the second tubular meniber, and ez^ 

30 secoiid tubular mnnberofT of the znandrd into engagement with the first tufa^ 
member* The pressurldxig of the portion of the interior repon of the second 
tubular member is prefisrably provided at ppmiting preasuiin ra 
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600 to 9,000 psL Hie pwwnriKing of the portiaii of the intarior wghm of the 
aecomd tubolar member is pnibnitHy provided et xedooed operatmg pressures 
duxii^alaUarportkmofiheeztnidhig. The method fbrtherprefenb^mdiides 
sealmgfheoveriapbetwvee&tlM first and leoond^^ Themethod 
6 further pre&rabit^inchides sup 
the fpwlap with the seoond tubular member. The meOuxl fbrthor pre&rab^ 
inchKieshihricatmgtheiarfk^ofthemax^ The method fbrtherpxefcsab^ 
inchxdes absorbing diock. 

AhnerforuBeincreatifiganeveectimiofwdlborec^^ 
10 formatimi adjacent to an alreadbr exiiliDg eeetmn of ireOboze ^ 
described that inchxdes en annular member, Tim ammlar member indudes one or 
more aealingmembers at an end portion of the annnlar member, ei^ 
pressure relief pessagee at an end portion of the annular member. 
A weObore easing has been deaoribed that nu!bzdee a tuta 
15 annularbodb^ofacnredfluidieaaalingmateriaL Thetobnlarlineriafbrmedfaythe 
process of extruding tubular liner off of a mandieL The tubular liner is 
preferably formed by the process of pladng the tubular liner and mmndrgl xrr^h i n 
the veDbore, and praasnrirmg an infesrior portion of the tabular Iin». Hie 
annular bo4jr of the cured fluidic aaaUng material is ptefarab^ formed by the 
20 nroeeaa rfiniariiiig m twiy nfWL^.KU fl^^f^ ^^ifag TnntfflTfil into nn ommlnr 
region eademal of the tubular Hnar* DntiQgtheprcaBarizing;t]iB interior porticm 
of the tubular liner ia ptefexdi^ihiid^ 

tubularliner. The interimr portion ofihe tabular liner iapieferab^ pressure 
to pressures ranging from about 500 to 9,000 paL The tubular liner pre&rab^ 
25 overlspe with an existing wdlboreeaifaig; The wdlbore casing preferab^fiirther 
inchtdesaeealpoaitionedmtheomiapbetivee&thetobu^ 
wellbore canng. Tubular liner ia prefinraibl^ lai piHUta d the overlqi with the 
existing wellbore casing. 

A method of repairing an exiating aection of a wdlbore caring wiOnn a 
SO borehotehasbeen described thatindudeainstallinga tubular liner^^ 
within the weUboro caain&fa^Mingabo^y of afluidic 

preaaurizmg a portion of an interior region of the tubular Uner, and zadialfy 
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^> ^^iTi g tho Kngr fai thft hoyfthnlfl by cxtnidinff tha Kner off of the mandrcL In 

a prefened embodixnent» tbe fluidiciDateiialis aeleetedfrom the group consisting 
of dag cement, drilling snid, and epoiy . In a preferred embodiment, the 
method fiirthfr mrhidfir (K"^!*^ iaolatmg an iptarior rcgkm <rf the tabular liner 
5 from an ezteriiu' region of the tubular liner. In a preferred emhodirnftnt^ the 
izgectingoftiiebodjcfihiidienuterialiapro^ed at operate 
ratea rans^ Ihmi about 500 to 9.(X)0 pd and M to StOOO galbnaMn. In a 
preffTPPd CT'^P"""^ ityietingof ihft ho^ of fluidlc material is Provided at 
reduced operatingi»«8Uie8 and flowrateednzingan end portion 

a pi«ferred wnbndmmt, a regin of the tabular finer below the mandrel is 
preemnixed. In a preferred embodiment, the region of the tubular Bnerbel^ 
ynatulf ^J in prmaamxeA to prcaamcs ranging from about SOD to 9,000 paL In a 
preferred embodiment, the method further includes overiai^pingthe tubular liner 
15 withth^ firi Ft^^ g ^^^^^Q^g^gfa^- In A pi e fe rred embodiment, tbe method fiirther 
includes sealing the interlace between the tubular liner and the ezis^ 
casing. In a prefen»i embodiment, the method flirtherinchideB support^ 
extruded tubular liner using the existing wellbor© casing. In a preferred 
embodiment, the method fintherinchides testing the integ^ 
20 interftoe between the tubular liner and the existing wdObore casing. Jn a 
preferrtxi ^^K^irrumt method ftnther factadca hibricating the surlhce of the 
mandrd. In a preCored embodiment, the method fkirther indudes absorbfaig 
shock. In a pgeferred emhoHimpnt, the meihod fturtfaer fachidea catching the 
mandrel upon the ccxqdetion of the extruding. La a preferred embodiment, the 
25 method farther inchadeserpanding the manArd in a radial dii^^ 

A ti?- ^'*^ fay Kning an gristing wrflbore caring has been deacribed 
that indudes a tubular Kner and an annular body of a cured fluidic sealing 
mat^iaL Thetubularlinerisfoimedbytheprooessafextnidhigthetubu^ 
oCTofamandrdL l^eanimlarbo^ of a cured fhiidic sealing material is coi^)!^ 
30 tothe tubular Knar, Ina prefe rred em hodi iwmt , the tubular linerisformedbytte 
process of plf^g tbe tubular liner and mandrel within the wellhore, and 
pressurising an interior portim of the tubular liner. InapreGerredonbodimait, 



duxingtfaeprefisaming; the mte^ 

f^anezterbrpoitbaQf thetubolarli^ In a prafiBRed enibodimenti the 
interior porttonoftlie tabular li^ 

500to9,000pa. b a preferred embodiiDfint* the annular bo4y of a cu^ 
5 aealingnMterialisfannedbythaprofMoflq^^ 
sealing material into an anniUarregkm between thee 

the tabular Oner. In a prefer red emhodhn ent, the tubolar liner overiapa with 
anotfaorenBtmsweDbore casing. In a preferred embodtmeot, the tie-back Uner 
further incfaidea a teal portioned in the overlap between the ^ 

10 other existing weDbore casing. In a p r efe rred #imiifMiiwia.i> t tubular Kt*fT la 
aupported bj the overiap with the other oistbg weDbm 

An apparatus for expanding a tabular member has been described that 
indodes a sappart member, a mandrel, a tubular member, and a shoe. TbB 
8iq>port member faidudes a first ihdd passage. Hie mandrel is coupled to the 

15 si^iport member. The mandrel mchides a second fluid passage operably coupled 
to the first fhiid passage, an interior portion, azid an eiteriorporti^ ipii^j^iterior 
portionofthemandreliadrillable. Ihetubularmemberisooiq^tothemandreL 
The shoe is coupled to the tubular member. The shoe indudea a third fluid 
passa^d operably oo^qded to the seomd fluid passsge, an interior portion, an^ 

20 exterior portion. The interior p(»tion of the shoe is driDahle. Preferably, the 
interior portion of the mandrd inchidea a tubular mmbar and m hmA hmmAw% g 
member. Preferably, the losd bearing member r^prispB a drillable body. 
PreferaMly, the interior portion of ti>e shoe Tnnhidwta tnhnlar mrnKftf^ ^wd a Imd 
bearingmember. Preferably. theloadbearingmemhcrcfimprif»Hfl rfriW^M^i^^ 
Preferably, the erterior portion of the mandrd compriaea an eapanmon cone. 
Preferabfy.theexpanaionconeis&bricatedihmimatflridaseieeM 
consisting of tod ate^ titanium, and ceramic. IMerdi^, the ez^^ 
a surfece hardness ranging &om about 58 to 62 Rodcwdl a Preferdb^atleaata 
portion of the aiqparatuB is drillable. 

Altboui^ iUuBtrative embodimenta of the invention have been shown an^ 
deaeribed, a wide range of mod ifi ra tion , changaa and anhatlfaitinn im iH^T^^^p^«^^ 
m Uie foregoing diadoaore. In aome jnatances, aome featuxea of the present 
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mventioa may be CDipkgfed without a ccyrreqnndtogiue of the otfaar features, 
in amanner ooKifiBStentvidi the scope of the inve&tioa. 



11. A xnethod of creatiDg a casizig in a borehde beated in a fiubterianean 

2 fbnnation, OQui|jriaiiig: 

3 inrtalling a tubular liner and a mandrel in the borehole; 

4 iioectingffaiidic material into tlieboi^^ 

5 prwwimring a portion of an intarior region of the tnhnUr Imprr : md 

6 nuliaQjr ax pflndin g at least a portion of the liner in the borehole by 
f cxtnidiDgatlaaBtaiKirtionafthelinerofroftfaema^ 

12. A method of eveaUng a caring in a bonliole located in a ieetion of a 
2 subterranean ibrmatioxi, the borehole having an already existing wnn rig, 

4 drilling out a new section of the borehole a4}^^ 

6 casing} 

6 placing a tobolarlfaier and an eaimndableniandrd 

7 theboreiiole; 

8 overlapping the tubular liner with the abeadbredst^ 

9 iidecting a hardenable fluidic sealing material into an «w«nifr region 

10 betwera the tabular liner and the new section of the borehob; 

11 flnidic^yisolatiDgthii immilftr region between the tulmlarl^ 

12 sectionof the borehole fiom an interior legion of the tubular liner 

13 below the mandrel; 

14 ii^ecting a nonhardenabtefloidicnmteriBi into the int^or region of ^ 

15 tubular liner below the mazuirel; 

16 aitmdhiy flia tuhnlar Unar nftr^ihm mwj^TtAfM^ n%tm^ \* 

17 sealing the overUqi between the tabular Boer and the already ffri g^ti g 

18 caaixig; 

19 mxpgarting the tabular liner with flie tmHap wMi th^ ^n^^ 

20 imalTig j^ 

21 removing the mandrel from the borek>Ie; 



22 testing the integrity ofthe seal of the cyvex^betwe^ 

23 the already eodstisgcaaiip, 

24 T ^^ n g nt IffUfi^r q p^prHim ftftfiP T^rniflhto fliiiiiii> «iN>l wig mflterifll frmn 

25 the iniarior of the tubular liner; 

26 curing the remaining portions of the floidic hardenable fluidic sealing 

27 materiaband 

28 rentovingatkaataportionofthecuzedfhiidiebarda 

29 ^vitfain the tabular hniv. 

1 S. An apparatna fiwr opanding a tabular member, c o mpririn g: 

2 a soppoit member, the Kqiport member induding a 

3 a mandrel coiq)led to the aopport member, themandrd i n cta^ 

4 a aeooBil fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe ooiqded to the tubular liner, the dioeinchidfav 

7 wherein the first, second and third fluid passages are operably couple 

1 4, An i^yparains for expanding a tubulsjr member, comprising: 

2 a support member, the siqyport member including: 

5 a first fluid passage; 

4 a8eoimdflnidpes8agr,8nd 

6 a flow coAtralyahro coupled to tiMfixBt and second fluid passage^ 

6 an frTq ?f"*^*^*> mandrel coi^kd to the support member, the eipmdahle 

7 mmrirri f«<^i«<iitic • third fluid passage counted to the firet fluid 

9 a tubular member coupled to Oeinandrd, the tubular niemberincb 

10 one or more sealing dements; 

11 a dioeoooided to ttie tabular member, the shoe inehiding: 

12 a fourth fluid passage coupled to the third flnid passage, the fimrth 

13 fhnd passage adapted to recdve a stop member; and 

14 oneormoreezhaustpessageacoiqdedtothefbOTthfluidpaas^ 

15 injecting fluidic material outside of the shoe; and 
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16 at least one aealing member coupled to the Bu ppor t member, the «>Kw^ 

17 member adapted to prevent the entxy idtateSga. material into an 

18 interior regkm of fbetubolar member. 

1 6. Ametfaodofjoiningaaeocmdtidiiiltt 

2 first tabular nmznber having an inner diameter greater tbu 
S the seocmdtttbolar member^ oonqiriaing: 

4 p owtionin g a mandrd viOiin an interior region of the eeoond tobniar 

5 member; 

6 IveaauriaingaportionoftheinteriorrQ^onofthftaeeoDdta^^ 

7 and 

8 eartinding the second tubular member off of thamapdrri tnt^ ^mgn^ymynf^ 

9 witb the first tubular member. 

1 6. A tubular liner, conq)rl8ing: 

2 an annular member, the annular member inchiding: 

S one or more aealing memberB at an end portion of the j>TiTMti| >^ 

4 mnbenand 

5 oneormorepireaBarerdierpessagBsatanendportionaftfaeannuIar 

6 member. 

1 7. A weObore casing; oooqiriaing: 

2 a tubular liner, the tubular liner fiinaedlv 

3 estmdingtbe tabular liner offofa mandrel and 

4 an annular bodbr of a euzedlhiidieaeeliiv material coiqM 

5 liner. 

1 8. A tia -ha A 1 ine r for fining an eeriattng wenbore garfuR gnn nit»i*;^i g» 

2 a tubular liiier, the tidtmlar liner formed fay the pdToc^ 

8 extruding at leastaportion of the tubular liner off of a mit¥i^ii ftt* and 

4 an annular bodbr of a cured fluidic aealing material conpl^ to thft tuTniliHr 

6 liner. 
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1 9. An4)pantu8foreipa]idnigatubii]armaib^ 

2 amqqportsieniberiiichi^^ 

3 amaiuIrelecmpledtotheBUiqpartmem^ 

4 a aaoondfhiid passage operable c(nq>led to the fi^ 

5 an interior portion; and 

6 an exterior portion; 

7 ^frffrffhi fnturlflr pflfftaon of the mandrd is drillable; 
6 an f^qiftfy^U tiiHiilftr mcmbgr cnupkad to the msndreL and 

9 a shoe eoi^pled to the tubular manito 

10 a thitdfhdd passage operaUy coupled to the second fluid pass 

11 an interior portioi^ and 

12 an eiterior portion; 

13 idienm the intericyr portion ofthe shoe is drillable. 
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